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The D-I7B cotrputcr is a digital minicomputer that is used in the NSQ-10 Minuteman I 
missile guidance system. This system has been made available for reutilization by qualirying 
agencies. Documentatior concerning the procedures to convert the computer for general purpose 
use is being generated by the Minuteman Computer Users' Group. This report is addressed toward 
part of that effort. 

Before the conversion process is begun the computer may be tested to determine tiseabih'ty. 
An inexpensive forced-air cooling s>'stem will allow operation at ambient air temperatures up to 
SS'*?. Fragmentary descriptions of the D-17B previously available are supplemented in this report 
by a description using the states of control flip-flops. This sute description is useful as a study 
plan and a maintenance guide. Su^estions of educational applications and a data input bus are in- 
duded. This thesis can provide the information tiedisaiy to convert the D-17B to a laboratory 
computer and it contains data for those interested in similar conversion projects. 
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1. Introduction 
This thesis was undertaken to investigate the conversion of the Minuteman 1 guidance computer 
to a general purpose bb^ratoty computer and to provide a state description of the computer. In 
order to discuss this proolcm in mute detail, it is necessary to consider the background of this problem 
and some general deflnitions oi computer cbsses. 

Background 

The modemi7Jt)}n of the Minuteman Intercontinental Ballistic Misalc Force has made it 
necessary for the United States Air Force to declare over 1 ,000 outdated inertial guidance systems 
unsernceable. Each of t lese model NS-IOQ guidance systems contains a D-17B computer, pov/cr 
supplies, and the unclassiled parts of the stable platform. 

These ^stems ate avulable, for only the shipping costs, to colleges and other qualifying 
organizattons. Unforttmately, written procedures for reutiliziiig the system were nonexistent and 
only fragmentary (inscriptions of the machine were available. Thus, this effort met an early impasse 
because of the hck of documentation concerning the D-17B. 

The Minuteman Computer Users* Group (MCUG) was formed by Dr. Charles Beck at Tulane 
Untveisity for the purpose of consolidating the efforts of potential users of the D-17B. It is intended 
that the members of this coopcrathre may share the results of their research ?ad overcome the initial 
reutilization problems (Ref 7:ii). The Air Force Institute of Technology (AFIT) is a member of the 
MCUG and it is hoped that this report will be used as part of that effort. 

AFIT obtained two NS-IOQ Minuteman I guidance s>'stent$ in June 1971. Since that time, 
four thesis pnjects have been undertaken as part of an overall phn to conven a D-17B computer 
from one of these NS-IOQ systems into a useful laboratory computer. One of these projects (Rcf 8) 
developed a control console for the computer. Another project (Ref 13) developed an input/output 
interface, and a third effort (Ref 9) produced a software simulation for the D-17B. The fourth thesis 
project is the subject of this report and its purpose and plan of development «ill be explained in the 
following paragraph. 

Definitions and Problem Anal\"sis 

In order to accurately dcsaibe the unnic rfled D-17B computer and the planned modifi- 
cations, it is iK-ccssary to deiinc a general-purpose and special-purpose computet. A genctal-purposc 
computer is a computer designed to solve a vide vaiicty of problems. In contrast, a special-purpose 
computer is dcsijincd to solve a $;>cciric problem or a restricted class of problems (Ref 4:202). Tlic 
D-17B computer cjn be considctcd to be equally worthy of cither title. It was coaMiuctcd along tlic 
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lines of a genenl-purpc;: computer, but when used as part of the Minuteinan System it functions as 
a special-purpose nachtnc. 

Bsentially thci . the problem involves dunging a special-purpose computer to a general- 
purpose computer. T!h extent and type of modifications depend upon the folloK'ing assumptions. 

Assumptions ( ompuicrs similar to the D-ITB arc commercially available for less than 
SlOjOOO. U can be as: r nod tlut future us^rs of the D-17B will require minimal conversion expendi- 
tures; otherwise, it woul'i be advantaeeous to purchase a new machine. It is also necessary to assume 
that the computer and atsociated po-A-cr supplies would be used in their present physical package, 
which is a ri^t circular cylinder, 29 inches in diameter and 20 inches high. These dimensions could 
be reduced by lepackapr g the computer, but the cost of such a modification would be prohibitive. 

It is assunted th: t the modified computer will be operated in a laboratory where the temp- 
entute of the rbom can be controlled within the ninge of 65-S5°F. This assumption provides a 
standard for designing a new cooling system for the computer. 

Subproblems. Since the computer was cooled- in its original coniiguration by 
special equipment associated with the Minuteman Missile, a new cooling system must 
be designed. This design will be under strict economic limitations and should be as 
siftiple as possible 

In order to operate the D-i7B computer, the user must know how the machine 
functions. A major subproblem of this thesis will be to describe the computer in several 
ways so that each user may choose a description that best suits his application. 

A third subproblem will be to develop procedures that will allow future users 
to determine the operational status of their particular D-17B. These procedures are 
desirable since they give the user the assurance of kttowing that the computer will 
operate, prior to beginning the conversion process. ' 






Presentation of Problem Sblations 

Chapter II of this report presents five different types of descriptitins of the D-I7B: A 
physial description, a functional description, a dcsaiption of the word format, state descriptions 
and mode description. Chapter III discusses the initbl preparation, checkout, and a cooling system 
for the computer, and is written for tlic technician who is faced with installing the D-I7B in the 
bboratory. Chapter IV briefly di^cusM^ some applications of the D-17B, and Chapter V presents 
conclusions and tecoinmcndaiion) for future invc-stipiion. 
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U. Desaiptions of D-I7B Compulcr 

In this portion of the icport the D-I78 computer will be described from five 
basic points of view, these descriptions range from a general overview to a specific 
analysis. First, a basu- physical description will be presented; second, the computer will 
be described in terms of five function::! sections; third, the word format and information 
accessary for programninf; uill be briefly discussed: fourth, register transfer will be 
described using slate diagram techniques: and, finally, some alternate descriptive techniques 
will be covered. General specification' of the computer are listed in Table i. 

Physical Description 

Size and Composition. The D-17B computer occupies one-half of a right 
polygonal>cyli(idrical shell. This twelve-sided cylinder is 20 inches high, has a maximum 
radius of 29 inches and the shell is 6 inches in depth, k power-supply for the complete 
NS-IOQ guidance system is contained in the remainder of the shell. A stable platform, 
the third major item of the NS-IOQ, occupies the cavity formed by the computer and 
power supplies. 

The computer alone weighs 62 pounds and is composed of 76 printed circuits 
and a rotating disk memory (Ref I i:I6). 

Power Requirements. If the associated power supply b used with the D-17B. it is necessary 
to provide 28 VDC, 19-25 amps from an extenu! source. The computer may be operated without 
the accompanying power supply; however, it b n«cessar>- to supply fourteen separate DC vohages 
as well as 1200 and 400 hz alternating current supp!tes. These secondary po«-er specifications are 
Ibted in Table II. Po«'er consumption for the computer alone b approxinutely 3S0 watts (Ref 1 1:16). 

Functional Description 

The D-i7B ma^' be dnided into five base functional parts: the Control Unit. Arithmetic 
Unit, Memory. Input, and Output. Tlus division b shonn in Figure 1 (Ref 1 1 :TR24). 

Basic Components and Terminology of the D-17B. Each functional section of the D-17B b 
composed of basic components or building blocks that are common to several parts of the computa. 
These components must be described and common termmoloey mu$t be defined in order to adequately 
describe tlie functiunil parts of the computer. 

The term bit, ^i" be used as a shortened form of binary digit. Thus, a bit of information may 
be stored in a Iwo-siaie dc.ice wch a^ a tlip-tl^p. An extension of this notion lcad> tit an ordered set 
of binary cells, such as flip-flops, and this ordered set is called a re;;is:er (Ref 4:1$). 



■.v.jj. j.,jm .p,n., w,v. ".i-.i u"j,j.ii.i. .'iuiv,*!. I .'L., ■--«'»=»- -■--->■ 



GE/EE/72S.2 



O 



o 



TABLE I 



General Speciiications of D-17B Computer 



TYPE 

NUMBER SYSTEM 
LOGIC l^TLS"""" 
DATA WORD LE>.GTH 



INSTRUCTION WORD 
LENGTH 

NIAIBER OF 
INSTRL'CTIONS 

EXECcmoN -ma: 



CLOCK FREQUENO' 
ADDRESSING 



MEMORY 



INPUT/ 
OUTPUT 






Serial, synchroitous 

•-fimai)'. fixed point. sXn frius 2*s complement 

Faise-O volts: Truef- -10 volts (Neptive logic) 

24 bits / 

II bits -(split wordT 

24 biu 



39 

Varies with each instruction type 
Add 78.125 miao sec 
muitifiy 1015.625 miao sec. 

34S.6khz 

Direct Addressing . 

Twoaddress and 3-address instruaions 

Fenous^xide-coated did: 
2,727 word (24 bits) capacity 
78.125 micro sec. cyde time 



48 I^tal lines (output) 
28 Digital lines (input) 
12 Analog lines 
3 pulse lines 



Information adapted from Ref 2:23 



C) 
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TABLE II 
D-I7E Computer DC Power Supplies. Voltages, and 



Tderances 



n 



Voltage -^ 
Vol3 


Tole.ance 


-35 


4rr 


-25 


2c 


-10 


. 2'c 


-5 


o^s. 


-5 


2i 


-3 


2fi 


-23 


OJ55» 


-IJO 


2% 


♦2 


2% 


♦23 


0J5% 


♦5 


OJS% 


♦6 


2% 


♦10 


2% 


♦15 


2% 


♦25 


2% 


♦35 


2% 



Ripple 
MVP-P 


Cunent 
MA 


Local 
Plug 


li.a 
Pitt 


10.0 


100+20% 


J2(31)« 


23 


lOJO 


428t20:J 


J2(31) 


14 


10.0 


3410 t 20% 


J2(31) 


20 


lOX) 


I60t20:i 


J2(50) 


9 


IOjO 


1380+ 20% 


J2(31) 


24 


lOX) 


520 t 20% 


J2(31) 


18 


5i) 




P301 


9.11 


10.0 


500+10% 


J2(31) 


13 


IOJO 


1855+20% 


J7 


25 


SS) 


• 


P301 


20,22 


IOjO 


75+20% 


J2(50) 


20 


IOjO 


185 + 10% 


J2(50) 


22 


IOjO 


1060+ 20% 
-10% 


J2(50) 


16 


10.0 


1600^ 20% 


J2(50) 


9 


IOjO 


650+20% 


J2(50) 


17 


lOi) 


870+20% 


J2(50) 


19 



a. Number in parenthesb indicates the number of pins in the pitf. 
Adapted from Ref 3:99. ]6:3-7. 7:6. 
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Fif. 1. Function-l Mock liJarran of I.inuteuna Cof.tJUter 
(i-ros ..ef 11: TIi2M. 
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c. 



Tbe term wsQL i$ used for a g.-oup of digits that represent a basic unit of information 
to tbe computer (Ref 6:3). A word. then, is the information that may be stored in a regis- 
ter. In the D-17B. the information carrying part of a word is 24 bits in length with three 
additional bits used for timing as shown in Fig. 2. 
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Fig. 2. D-17B Word Formats (From Ref 2:16). 

A word may be divided into two parts to represent two different numbers. In 
the D-I7B computer this process is called split-word operation. During split-word oper- 
ation the term right half-word applies to bits through bit 1 1 and left half-word applies to 
bits 14 through 24. as shown in Fig. 2. 

A loop is a re§is:cr composed of flip-flops and bits that are stored on the magnetic disk memory. 
As ths memory dt^ lurns. the information ii read into a read flip-flop and UTitlcn back onto the memory 
disk by a twite flip-flop, as depicted m Fig. 3. 

Since loops ate jpccia? serial registers, botli tenns loop and rerister will be used to refer to 
loops in the description of this computer. 

The term uotd-time k derived from tlie length of tin>e required to circulate an entire word in 
a one-«-ord loop. A word time nuy be furtlK-r divided into tit times" siiK* a bit b one-twenty-scvcnth 
of a word. 

The bits in a *ofd may ho coded to form an initructiim for the computer. Different pitis of 
the word may be dcc««.i»:J t.» inJu-jio xpc^iiu- tnt'oniuti«m such as tfio "address** oi niemoiy KK-atioi: to 
the next iniiruction. A patt of liie itutruvii'in «luch i» allocated for such a special purpose is called 
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* field. Fields are also common^ used to indicate what operation b to be performed (Op Code) or 
what addresses of numbers are to be used in the operation (operand). This leads to a method of 
dassifying instruction words- by the number of addresses in the instruction (Ref 10:452). 

Control Unit. T},e primary function of the Control Unit is to interpret madiine iiutructions 
and direct the execution uf these instruciions. Therefore, the Instruction Register (I) is one of the 
major components in the Control Unit (Kef li:16). 

The I-loop'OT Instruction Recister is composed of one delay flip-flop, I- and a read and a 
write flq>-flop, 1^^ and I-i^ reqwctively. Twenty-four other bits of th:s one word re^er are written on 
the didc memory. New inforimtion may be entered into the I loop >vhen '.be control flip-flop I^ 
is "one** set; otherwise, the information circulates from the magnetic disk throi^ the I flip-flop and b 
le-wrttten on the disk in a continuous loop. 

The 1 repster recehres the computer instruction from the memory and holds that instruction 
for part of the instruction interpretation. Ptior to execution, the instruction is read into various buffer 
registers and the I register is free to receive the next instruction to be executed (Ref 1 1:16). 

The Operation Buffer Register is used to store the instruction operation code prior to execution 
(see State DescripticR c2). Thb register consists of flip-flops I. Oy^^ ^^ ^r Dutir^ ^be last word time 
of execution, the ne.\t instruction is serially loaded into the Operation Buffer Register, then parallel-loaded 
into the Operation Code Storage Register. Flip-ilpps, O^ O3 O2 0| form the Operation Code Stora^ 
R^bter whidi serves primarily to hold the op code dtjrins execution (see Word Format f or an explan- 
ation of the Op Code) (Ref 1 1 :27). 

Storage of the (^lerand infornutiou is accomplished in a simibr manner by the Channel Buffer 
Register and the Channel Storage Register. During the Instruction Read operation, the operand channel 
information is fed mto the Channel Buft'cr Register, flip flops Cj^j through C},]. ^Iwn the o^rand 
sector is found (see memory for discussing sectors), the operand diannel is parallel-loaded into the 
OiaiUKl Storage Register, fIip-i1ops C5 through C|. Tliis register then holds the operand channel in- 
fomution during execution of the iruiruction. Some operations do not require an operand and the 
Channel Storage flip-flops may be used as additiorul hardw'arc to execute the instruction. An ex- 
ample of this application is the Character Output operation: four bits of the Accumulator arc shifted 
into the Channel Storage Register to be output to the character output lines (Ref 2:TR-72). 

Flag Storing is a special operation, and it is explained in the word format desniption. In 
this operation the previous contents of the Accumulator arc stored in a diannel speciflcd by the in- 
struction. A code for that dunnel number is I'udaS into the Fbg Code Buffer Register, Sl^, S^t. 
S},|, wlien the instruction b read. At the flrst bit time of execution the l-bg Code Buffer Register b 
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panllel-lradcd into the Fbg Code Stoiage Repsict (Ref 1 l:TR4S). A set of diagrams showii^ the 
codes that may be loaded into these registers is du^hyed in F^. 4. 

When an operand is read from mcmcr>- it is loaded into a rc].istcr of the Control Unit called 
the Number Register. Tlie Number Register or S-loop conssts of tht» flip4!ops, N_. N24, N^^, and 
twcnty-four bits of mcmor>-. The thioc tlip-fl.^ps Ng. N-t^. and N^ are used for delay, writing on the 
memory disk, and reading. re^Mciively. and a fourth flip-flop, N^, corirols the entry of new infor- 
mation into the N-ioop (Ref 1 1 :31 ). 

There are four Output Control registers which are a part of tiie control unit. The compoation of 
these registers will be discussed here, but their functional task will be discussed in the Output functional 
description. The Oisaete Output Register is contained in the Control Unit. It consists of five flip- 
flops, D5 through D|, which, together with a Disaete Output Matrix, contrd the twenty-e^t 
Disaete Outputs. Digital-tovinalog com-ersion control flip^Iops form three registers of e^t flip-flops each. 
The registers are designated Vj j, Vnj, and Vjj, i = 1 ,' • -JS. The Binary Output Control Register con- 
sists of three flip^lops: G3, G->. G|. 

Timing control of the D-17B is adiieved usii% a bit counter that is controlled by the sector 
trade of memory (see **Memory'~ for a discussion of the sector track). The bit counter is a set of 
fSp4Iops that are used to distinguish bit times of the serial operations of the computer. These flip- 
flops are designated B j , 82, By B4. B5, Bg. T-, Tj^, T^^. T , T^, and T^ are tuning flip^lops that arc 
"one** set only at the begitmii^ and ending of words (the use of these flip-flops is apparent in the Word 
Format discussion). B| is tised to di>.inguish between odd and even bit times and Bi is "one** set and 
"zero** set at ahernating two-word JinK periods. Bj is "one** set only during tiie right and left split- 
word bit times. B^ and B5 are counting flip-flops that support the other flip-flops of the bit counter. 
Bg is "zero^ set during the first half of the uord time and **one** set during the second half (Ref 11:25) 
The rriationship between the B | flip-flop and tits word times is shown in Fig. S. 

These arc the major components of the Control Unit. Interaction of this function and the 
following functional units will be discussed in the State Description of the D-I7B. 

Arithmetic Unit. As its name implies, the purpose of the Arithmetic Unit is to perform the 
calcubtions as directed by the Control Unit. Each of these Arithmetic operations n expbined in the 
Sute Description. This unit consists of two one-word registers, the Accumubior and the Lower Accum- 
ubtor. (Ref 11:17) 

The Accumulator holds the results of all arithmetic functions and is an output register for the 
voltage, binary, and duracter output opcratKM^ (Ref 11:17). In addition to 23 bits on the magnetic 
disk, it is composed of two dchy ihp-flops. A- and A^^, a write flip-fl«)p. A^j, and Ajj, a read flip-flop. 
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When the coalrol flip-flop, A^ is "zero" set, the A loop is allowed to circulate and new information 
may be serially loaded in:o the Accumubtor when A^ is **one" set (Ref 1 1 :30). 

Hie Lower Accumubtor, L-loop, is used for rapid access storage, character inputs, and logical 
operations. It consists c! two delay nip-flo{>s. L^ and L . one write flip-flop, L>^, a read flip-flop, 
L^. and t«'enty-tliree bit . en the macuietic disk (Rcf 1 1 :3I). 

Memory. Memuiy in the D-17B is a rotating magnetic disk. Information is transferred to 
the magnetic disk by stati «nary read and write heads. This information remains on the disk until new 
data is recorded. Therefor:, this information is in non-volatile storage; that is. the informationremains 
stored ^en wlien power a removed from the computer. However, the loops may be considered as 
vdatik storage, because th; flip-flops that ate part of the loop will be activated in a random state when 
power is returned to the computer (Rcf 11:17). 

fai order to deflne specific locations in memory, the disk is dhnded into 128 radial divisions 
(sectors) and 21 concentric tracks (duuinels) as sho«'n m I^. 6. The sectors are numbered octally 
from 00 to 177 and dunnels are numbered in an even octal progression, 00X)2. — , SO. (Channels 
are nimibered evenly because the least significant d\<rit of the octal nunAer used for chaimel addressing 
is port of the sector address). The sector numbers are recorded on the memory in a special sector trade. 
S; however, these sectors are nun^red one sector out of phase for timing purposes in the computer. 
Each chaimel and sector number designate 27 bits (one word ) of memory. Twenty of the channels 
are called "cold storage channels" because the write heads on these channels may be deactivated 
(Ref 11:17). 

In addition to the part of mcmoiy defined by the sector and channel divisions there are ten 
recirculating loops, whidi are used in input, arithmetic, and rapid storage operations. The A, L.N, and 
1 loops function as pan of the Arithmetic and Control Units. Rapid access storage is provided by the 
U4oop, «-hich b a one-word register consisting of a read flip-flop. U . and a write flip-flop, U^, and 
twenty-five bits stored on the mcmor>' disk. 

The F loop, a four-wordjrapid access storage registcr.-b comprised of F-. a write flip-flop. 
Fjj, a read flip-flop, and 106 bits on the memory disk. Two other four-word loops, V and R. are 
used as input kops. The V loop contains a V. and V^ flip-flop and the R loop uses a R- and R^ 
flip-flop for write and read functions respectively. 

Rapid access storage of eight words is provided by the F loop which is composed of a read 
flip-flop. E^, a write llip-flop. E_. and 214 bits on the rotating disk. A road amplifier. E^^. is provided 
at the midpoint of this register to .-illow n>pid access to the E loop contents. Tlic 11 loop is a 16-word 



r 

u 



f 

t 



CE/EE/72S-2 



O 



O 



^ 









2 


^ 

»• 






*- 








t 






s 









c 5 ? 








p 


^ 
•• 




I 


8 






s 








• 


K * 

•- 







'S 



i 

e 

u 



».*' 









2 •-o»o<*e»o^e>-e«-e — o>-e>-e«-ewe<- e«> 

s a • 

^ S o o e 



^._«>^^.^^. oO 



^.■••^•-•-••ffoeooooo — •-•••-eo o o 



3 e o o e 
3 o o o o 



ooe»» — »~»»«>»»>- .-•• 



o 



Fig. 5 M7B Bit Counter (From I I:TR22) 
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apid access storage register. Like the other loops, the Hp and li^^ ilip-flops are used for writing and 
reading from tlic memor>' disk. An intermediate read smplifier, H,jj^, is provided at the midpoint of 
this register to allow rapic access reading (Ref 1 1 :34). 

Inputs. In this report, inputs to tiie D-17B will be diseased in two general classes: control 
input signals, and data inputs. Control input signals are those signal > which would be generated by 
a control panel or input dnice to cause the computer to enter a pi'ticular state or to accept data. 
Data inputs are deflncd as character input signak and discrete input -ignals. Both chsses of inputs, 
associated common symbcis. and plug connections are listed in Table HI. In the following discussion 
of both control and data inputs, voltage ranges and general specificat.ons are given; however, these 
ranges have not been completely tested on the computer at AFIT. I is known from experiments that 
these ranges are conservative and that successful operation has been cdiicved outside the listed ranges. 
These input voltage levels are adjusted by input circuits in the computer to obtain the level required 
for maclune operation. The adjusted signal is sgnified by adding a (*) to the standard symbol, thus 
an adjusted fill signal wou!d be F^^ . 

IXsaete Disable, Dj^. is a control input signal which deactivates the discrete output signals. 
The "true" or "I" level is +IOv with a worst-case cunent of 22 amps. Typical load is 135 milliamps. 
Falie level is •2Sv uith 4.0 miaoamp load (Ref 1 :69). 

The control signal Enable Write. E^^^, controls the write flip-flops in the memory "cold 
ston^e** chaimcis (0046). "True" for E^^ is *3S to +39v into a 120 ohm resistance connected to 
•30v into a I meg ohm impedance (Ref 1 :68). 

Initiate load or Fill signal. F^^, allows the computer to leave the Manual Halt states and enter 
the Wait state. True** or 'T' for this signal is -16 to -30v into a 8J*k ohms resistance connected 
to +25v. The t^lse" level is +6 to +30v into a resistance of 1 meg ohm. 

The Mechanical Reader Input Signal, I^^. is not used in the control console at AFIT. It 
may be used as one of several commands to enter the Wait state (sec State Description). I_ has the 
same speciflcation as the Fill signal. 

Tlie llalt prime or Run. K'|,^, input signal allows the computer to enter the compute states. 
True" for this signal is -16 to -HOv into a 4.1 k ohm resistance connected to 25v and the ^ialse" 
level is -^6 to -fSOv into 1 meg ohms (Ref 1 :63). 

KJ^ and Kj.^ are both used as ^mbols -for the halt or run prime signal. It is used to cause the 
computer to enter the non-compute states. Signal specificitions arc the same as Kj,^ (Ref 1 :63). 

Single-step Prime Input is used to cause the computer to execute only one instruction. Two 
symbols appear in the literature for tlUs sigjul, K^ and K^. "False" knel is < 2 to ♦30v and "true" 
is -3 to ^Ov (Ref 1:67). 
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TABLE III 
D-17B Computer Input Locations 




Input Name 


Input Symbol 


Rug and Pin Number 


Disable Discrete 


Ddc 


JKIOO) * 23 


Enable Write 


Ewe 


. Jl(IOO)-93 


Initiate Load 


Fsc 


J8-24 


or 
nil Signal 






Gyro Bottom 


Hk: 


JiO-22 


Medunica*. Input 


hnc 


J8-17 


Character Inputs 


he 


J7-I 




he 


J7.2 




*3c 


J7-3 


• 


w 


J7-4 




He 


J7.5 


Halt Prime 


Khc 


J7.17 


Run Prime 


Kfa 


J816 


Master Reset 


Mrc 


Jl(lOG) -90 


Sprocicet Timing 


Tc 


J8-38 


Sprocket Timing 


Tc 


n-6 


Prime 






IXsaete Inputs 


XIC 


JI(IOO) -96 




X2C 


J 1(100) -97 




X3C 


J 1(100) 98 




X4C 


Jl(IOO) -99 




X5C 


J9.7 




X6C 


J 10-23 




X7C 


J9-2 




X8C 


;9-3 




X9C 


J94 




XIOC 


J9-5 




XI IC 


JIO-19 




X12C 


J3(100) -63 




X13C 


J10-20 




X14C 


J3(I06) -« 




XI5C 


J3(I00) 18 




XI6C 


J3(100) -65 




X17C 


J3(!00) -66 




X18C 


J 10.21 




X19C 


J9-10 



o 
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TABI£ III (ront) 




Input Name 


Input Symbol 


Plug and Pin Number 


Discrete Inputs (cci.t) 


YIC 


JIO-I 




Y2C 


iIO-2 




Y3C 


JlO-3 




Y4C 


JIO^ 




Y5C 


. Jl(IOO) -95 




Y6C 


Jl(lOO) -94 




Y7C 


J3(100) -76 




Y8C 


J9-I1 


, 


Y9C 


J9.I2 




YIOC 


J9-13 




YllC 


J914 




YI2C 


J9-15 




YI3C 


J916 




YI4C 


J9-I7 




YI5C 


J9-44 




YI6C 


J9-45 




YI7C 


J946 


, 


YI8C 


J9-9 




Y19C 


J3(I00) -29 




Y20C 


J3(I00) .28 




Y21C 


J3(100) -17 




Y22C 


J3(I00) -16 




Y23C 


J3(iOO) -6 




Y24C 


J3(100) -S 



a. Number in parenthesis indicates totai number of pins in plug. 
Ref 5: F^ 3 and through experiments with D-17B computer. 
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Master Reset. M,^. is used to set the control flip-flop tu a ^dfkd set of settings. Signal 
qiecifications are similar to the Fill signal spedHcations. 

The Sprocket Timing input signal, T^, is an input which -auses the computer to accept 
daU from the cbaraci'^r input lines. True** level is -3 to -30» a.id talsc" is +20 to +30v. The 
inverse signal is T^, licwever. T^ has the same signal spcdficatio.is; ttue b -3 to •30v and false is 
♦20 to ♦30v. 

Input signals lis ed in the above paragiai^is are control in| uts. Next, the data inputs will 
be spedfted. Character nput lines, 1^. to 15^ provide input a<des f » both command and numeric 
data. These codes are listed in Table IV. Signal deifications for iw Character Inputs are the same 
as the FiU signal (Refl:o2}. 

Discrete inputs X|^ • Xj^^ and Y |^ • Y24 are two sets of cn'Off type signals wliich may be 
knded directly into the Accumulator under program control. A special disaete s^nal input Ij^ 
is available and may be reset under program control. In the original configuration, this sipial was 
used to indicate a gyro malfunction. Signal level requirements for these signals aie the sa-iic as the 
Fill signal (Ref 2:46). 

Outputs. Four types of output signals will be considered under this functional heading: 
single datacter, btnar)*, analog voltage, discrete outputs. Volt^ limits and load limits are listed 
with eadi of the outputs: iiowevcr, these limiu wne extracted from Rcf 1 :40-59 and were not tested 
as part of this report. Pin connections for these outputs are listed in Table V and Table VI. 

Sii^ characters may be output on output lines S^| through S ^ Under program control 
the four most significant bits of the Accumulator may be sliifted to the lines for ^ peiiod up to 
31 word-times as dictated by the program instructioa. During the above period a timii% signal 
is supplied on output line S and tsta parity is indicated on line S^ True'* level for the 
^nals b •23.7v throu^ a 1 k ohm resistor and maximum load is SO miliiamps. "False** level b 
♦lO^v through 2 k ohm resistance for loads up to 1.4 miliiamps and +25v througira 12 k ohm 
resettance for loads above 1.4 miliiamps. Maximum current from tlie drcuit should be 4 millismps. 

Binary Inaemcntai Outputs were used in controlling the navigational g>'ro£. These outputs 
are changed by the Binary Output instructions which cause one of three flip-ilops to be set according 
to the sign of the Accumulator. When the BOA instruction b executed, the G| flip-tlop b "one" set if the 
Accumulator b negative and "/ero" set if the Accumulator b positive. Output line Gj j b **true** if 
G| b "one" set and line G|q b **truc** if G| b "zero" set. Similarly, tlie BOB instruction controb 
outputs G-«Q and G->| and tlu' BOC instruction contrub the Gm and G^i output lines. True** 
for these outputs b -lOv Ihrough a 470 ohm rosbtance requiring load currents leu tfnn 15 miliiamps. 
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TABLE tV 












Character Input Codes for D-17B 














iJneCbdes 








b^Nit 


I) 


h 


'3 


u 


H 


\ 


NunriierO 




J 








0. 


1 




I 


















2 




1 













3 




1 








1 




4 







1 










5 







1 





1 




6 




1 


1 





1 




7' 




1 


1 










Command Halt 


















Locatiofl 












I 




m 




1 







1 




Verify 




1 












Compute 







1 


- I 


I 




Enter 







1 









dear 




1 


1 









Delete 




1 


1 




1 





o 



(Information from Ref 2:37) 
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Output 

Chaiacter 
Outputs 



Knaiy 

Incremental 

Outputs 



Oisaete 
Outputs 



D-17B Computer Output Fin Connections 

Symbob Pin Connections 



C) 



^10 

SK-tn 

^30 



sc; 
sc 
sc; 



,40 
50 
60 



j;io 

^20 
^21 
^30 
*^3I 

DOI 
D02 
D03 
D04 
DOS 
D09 
OlO 
Dll 
D12 
DI3 
D14 
DiS 
DI6 
DI7 
D18 
D19 
D20 
D21 
D22 
D23 
D24 
D25 
D26 
D27 
028 
D29 
D30 
D31 



J6-I9 
J6-20 
J6-21 
J6--22 
J6-23 
J6-24 

itO-12 
JlO-i3 
JIO-14 
JIOIS 
JlO-16 
JlO-17 

JIO-S 

JlO-7 

JIM 

JXIOO) ^A 

J3(iOG) -9 

JI0-3i 

J3(100) -64 

J6-3 

J3(100) -89 

J6-S 

J 10-30 

J3(100) 

JlO-29 

J9.25 

J9-26 

J9-23 

J 10-32 

J9-28 

J9.29 

J3(100) -74 

J9-30 

J9-31 

J9-32 

J9-33 

J9.34 

J9-35 

J9-36 



100 



A-Nun^ier in parcntlicsb indicates total number of pins in plug. Information obtained from 
Ref S: Fig 3 and throu^ experimentation mlh D-17B computer. 
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TABLE VI 
I>.|7B Computer DtgiiaHo-Analog Voltage O.Jtpui Ucalions 



Phase Register 
Settings 



f3^2n 



PjFjF, 



^3^2 


P, 


or 




'^s'i 


P, 


'3^2 


P, 


or 




f3h 


Pj 


»"3'2 


P'l 


or 




f3»*2 


F, 



Voitagc Output 
Symbol 

No Voltage Output 



VO 

vo 

VO 



10 
20 
'30 



vo„ 

V02, 



vo 



31 



VO 
VO 



VO 



12 

'22 



'32 



V0,3 
VO23 



VO 



'33 



Associated OutpJt 
Instruction 



VOA 
VOB 
VOC 

VOA 
VOB 
VOC 

VOA 
VOB 
VOC 

VOA 
VOB 
VOC 



Pin Coimection 



J109 

JlO-10 

JlO-ll 

J3(100)* -21 
J3(I00) • 10 
J3(100) -19 

J3(100) 46 
J3(100) -59 
J3(100) -52 

JXioo) -7- 

J3(100) -9K 
JXIOO) -87 



a, -Number in parenthesis indicates the total nmnber of pins in the plug. Information obtained from 
Refll:TR70. 
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"I^be** voltage kvdb'lJOv through 470 ohms with load cunents less than 30milliamps. 

Thice separate digital to analog converters are available in the computer output networks. 
Voltage values are proportional to the ^Ut word contents of tlte /ccomubtor. The VOA instruction 
causes the most s^ficant bits of th>.' split word in A to br transfcTcd to the Vuluge Output 
Registei number 1. Fti{i-liop$ in this regi-4er direct plus and minus Sv to ei^t different points in 
a resistor network to prod jcc an output voltajv between ±- 20v. M bit 1^ is a **P. the r^t half 
of the Accumulator will bt- used for output, otherwise the left half-word will be used to specify the 
vottage (lip-fbp settings. Similariy, the VOB and VOC instructions « ontrol output register V21 
and V31 (i=l, ^). The tnree volbge outputs may be directed to wy one of four sets of output 
terminals depending on the Phase Re^er Contents. The setting Pj. I^. P| inhibits all voltage 
outputs; other Phase Register setiii^ and pin locations are diown in Table VI. Symbols for the out- 
puu are VOg where i is either 1. 2, or 3 conesponding to the VOA. VOB. and VOC instivctions 
respectively. The second subscript,], refers to one of tlie four Ptiase Regbtcr settings (Ref 1 1 :TR70). 
An of the outputs vary between 20v at a maximum load of 4 mii''amps. 

Twenty-eight discrete output lines are available and may be turned on and off under progrtir. 
control. Disaetc line DO4 is the only fine that may be **on** while another dtscieic output b ori. 
If DO^ IS on and IX)|. DO-), or DO3, is turned, it will renuin on. In all other esses . if any dis- 
Crete output is **on" aitJ another discrete line b activated by program control, the first discrete 
line win be turned "ofT* (Ref 9:TRS). The on 01 'nrue'' voltage level for these outputs is .23.7v 
through a 1 k ohm resistor with a maximum load of 30 millianips. "False*' is indicated by ■t-iO.Sv 
mto a 2 k ohm resistance for loads up to 1 .4 milliamps and -»^25v for loads greater than 1 .4 miltiamps: 
however, the load must be less than 4 milliamps. 
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Computer Word Formats 

In this desaiption the word formats of the D-I7B will be examined; ho«'evcr, no effort will 
be made to explain the details necessary for programming. This task lias to be accomplished in the 
Minutcroan Computer Users* Group Report MCl'G-t-71 (Ref 6). 

AH words in the D-17B consist of 27 bits, although three biu arc used Jor tuning. The re- 
nuiiiing 24 bits nuy be presented in three bavialiy different fornuts: wlH>le number, split number, 
and instruction. These formats arc shttwn in Fig. 7. for reference in the following discussions. 

IVhole N'umhcr Format. (Ref 3:14,2.^1 AH 24 bit* of one word may be used to store one 
number in llic whole nuniba fmnut. Tlie nuntber is in 2*s coniploment form and the twenty- 
fiiuith bit poMliini is the sign bit. iKts T , T^. and T^ arc the timing bits. 

Sp lit Number I'otnut. (Ref 3:24.25| Simibrly. two numbers may be stwcd in one word 
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of twenty^our biu. Bits T24 througjU T|4 form the kft half-worb and Bits T| } thio-^ T^ form 
the right half-word. T24 and T| | are the respective half-word sign bits and bit positions T|3 and 
T|2 »e not used. 

Instruction Forptat. (Rcf 3:26-28) Instructions take on t\/o basic forms in the 0-I7B depcndii^ 
upon the contents of bit -jiosition T-»q. Tliis bit position is the '*Fiig bit" and b a ^nal or flag to 
indicate that the instruction is a fbg-store instruction. A flag-stor': instruction will cause the computer 
to store the contents of tte Accumubtor in the loop indicated by a :ode in Ti^, T13. and T|-^ bit 
positions of the instruction. First it is necessary to desaibe the imfl igged instruction in order to 
consider the flagged uistrunion in more detsul. 

An unflagged instaiction contains (ive fields: the op code, t'^ (always 0), next instruction 
sector, operand channel, and operand sector. This format is commonly calkd both a one and one- 
half address and a two address instruction. Either name would seem to be conect since two address 
are actually present; however, only one-half of one address is explidtly shown. These fields are shown 
in Fig. 7 and wiU be given specific symbols in the following sections. 

The flagged instruction may be considered a three address instruction ance three addresses 
ate actually present. Tlie six programmable fields of the format are: op code, flag (ahvays 1). fbg 
storage location, sector of next instruction, operand dianncl, and operand sector. One should note 
that »ncc the address of the next instruction is shortened to four bits in this format, the instruction 
must be within 16 sectors of this instniction on the memory disk. 

State Description of the D-17B 

Operation of the D-17B may be dcscrS>cd by conadering the various configuntions that the 
control flip-flops enter when the machine is executing a program. Thus, a sute of the machine b 
defined by a particular configuration of the control flip-flops. States imy be represented on a 
diagram which depicts the various paths that the machine may cycle throu^ durii^ program execution. This 
state diagram may be used in conjunction with a description of tlie information exchange between 
registers to com{4ctcIy desaibe the machine operation. The procedure used to formulate tliis descrip- 
tion was essentially to reverse the process of computer design as described by Gu> (Rcf 10). Any 
number of different state descriptions may result, depending upon the set of two state elements 
(flip-flops) that are chosen as control deuKnts of the machine. The control elements used in this 
particular description were picked b> trial and erior usii^ the following criteria: 

I) The states of tlie machine shouM be cl«)scly parallel to the existing descriptions of the 
computer. 



WgBH^BjjgPBWW^^W^^WWPS^^^g^yw^'^'Wiy^jgBWil ^'*-"""-^ ' -' ""- I -" -"-"- II .. . .-'i-i-i HL ^' _ 



o 



o 



o 



CE/EE/72S-2 



V »?4 »M *w ^y T» ^w »■» V *■« '«; »u ^o »>? *w «a »♦ *« »y U »5 ^4 ^j »? »i 'a », 



I 



SCM ! 



» (MMV •>« HUCnOM 



mcow» w * yw 



• ■ 



V »>« «« *» »» Tr> t,» ta 1^ 1^ i„ T^ Iq tn t„ i^ t» t, ty t^ t, t^ t, t, t, tp \ 






i 



ts MNMrriit MACnSM 



! NO* • 

• MO ' ; 
-L ^ : I 



I 






orawnoN 

COM 



HM 



Nfxr MsnucnoN 

SKlOIMIMt^ 



OtttMM O . 



XX 



V *>« *» *n »« *» ^if »w»iy »i>'n ^u Tq T|, In t,, t» t, ty t^ T5 1^ t, t, t, Tq t. 



ontATOt 



fMC 



$IO«ACC 



SKTOI 

0»MXT 

MsnucnoN 



OMNNft 



sfcim 



XX 



Fig. 7 D-17B Computer Wwd Formal (From Rcf 2:16,17) 
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2) The overall state descriplioa should be as simple as possible, yei there dwuid be a sufficient 
number of states to desaiw all the machine operations. 

State Descriptions have the advanuge of being a visual descript.on, hence, they are easily under- 
stood and are capable of disphying large amounts of information in a concise form. Even more im- 
portant, the state diagram pro\ides a s>'$tcnutic approach for desaibii^ how the computer functions. 

Regster Transfer Noiatmn. In order to conveniently descnbe information transfer between 
roisters during each stste it is neccsNary to adopt a type of dwrthatK convention to condense the 
description. The symbols used in this notation are listed in Table VI< and are an adaptation of the 
^stem used by Chu (Rcf 10:378). 

State EHagram. |n this report the slates of the computer have been broken into two major 
dasses or modes. Compute (K) and Non-Compute (K^). This division was selected to allow the reader 
to easily correlate the state desaiption with desaqptions already published. The states in these classes 
are represented by nodes (drdes) aitd are numbered with an identifyii^ numbef. Conf^rations of 
the major control flip-flops which cause transition between states are !isied- beside the transition path 
on the diagram. Associated with each state diaitnu is a table which lists the states by aumber and 
naxnt and the information trantfer whidi occurs durii^ that state. The Non-Compute states are dis- 
played in F^. 8 and 9 and Table Vlli lists the associated register transfer notation. Compute states 
arc shown in Fig. 10. 11, 12, and Table IX lists the register transfer notation. Table X is a list of 
boolean equations associated with the register transfer statements in Tables VIII and IX. 

A>sumption. For the purpose of this description, it is a.s$umcd that there is a control pnel 
associated with the computer which supplies the input signals listed in Table V (Ref 8 and Ref 13). 
These inputs are duiKcd to the voltage level required for use inside the computer. After this voltage 
transformation is completed, the signal is renamed and gi\-en a * designation. The "surred** signals 
are in a direct logical relationship with their generating signal: for example, when T. is a logical **1 ." 
T^ is also a logical "1". 
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Xon Compute States. ( Ref 1 1 :S6 aiid 15:1.1-2.15) 

Power on Random State. When power is applied to the D-I7B, the controlling flip-flops will 
become activated in a random state. Depressing the *"MASTF.R RESEF* switch causes the computer 
to enter a Prepare to Operate state where initilization is begun (Sec Fig. S). 

Prepare to Operate (nl). In tltis state tiie phase register is initiali£cd to an idle mode. F^ is 
turned off to prevent the computer from entering a special state called fine countdown. The Discrete 
output control register is initialized to prevent random discrete outputs and various other flip-flop are 
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Register 
Sythbo! 

( ) 

( 1 
0(11 

c( 1 

4 ] 

orf 1 

n 1 

sp[ I 
rfl 1 
H J 
It 1 



M(P> 
M(c^ > 

(M<c^9 



U 



|0> 



TABLE VII 

Tnnsfer Notation Used in the State Description of the D-17B Computer 

Desaiption of Symbol 

Parentheses denote contents of a register. 

Square brackets dmote a portion of a register. 

A lower case o in licates the operand address 
part of the snstru'.-tion. 

A lower case c iniiicates the channel cf tue operand 
address. 

A lower case s indicates the sector portion of the 
operand address. 

Lower case op indicates operation code portion of 
an instruction. 

Lower case f indicates the flag Held of an instruction. 

Lower case sp indicates next instruction sector 
pmtion of an instruction. 

Lower case sf indicates the fk^ storage location of 
of a flag store instruction. 

Lower case 1 dcsisnates the left half-word of a 
register: 

Lower case r designates the right half-word of a 
register. 

These symbols indicate a word location of memory 
desigiuted by P or by chamiel c and sector s. 

This symbol designates the contents of the above 
memory word location. 

Double anow indicates the transfer of one register 
(or pan of a register) to another register. 

This ^mbol means arithmetic addition. 

This ^mbol means arithmetic subtraction. 

This symbol means the muhiplication operation. 

A colon folloMing a Boolean statement indicates 
that when the Boolean statement is true the sub- 
sequent operations occur. 

A single arrow denotes the sequence of operations 
from one state to another. 

Thi» symbol indicates that the two state device 
(flip-nv>p) 1)2 is ••one" set. "Zero" setting b ex- 
pressed with~a preceding zero subscript. 
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TABLE VII (cont) 



Deflniticn of Symbol 
ThK symbol indicates the exclusive or operation. 
Thb symbol indicates the logical and operation. 
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Fig.8 D-17B NuncMmputc States 



28 






GE/EE/72S-2 



i/ 



o 



o 




Fij. 9 Non compute Fill-Vcfify States 
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TABLE VHI 



Register Transfer Equations of the Ncn Compute States of the D-17B Computer. 

Note : Tiiis table may be used with Table X , the number in parenthesis to the 
right ot the register transfer equation designates liie associated equation 
in Tabk- X . 
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nl 



n2 



n3 



n4 



nS 



06 






n7 



Random S ate 
Master Res.-t 

Prepare to 
Operate 



Sync Bit 
GMfflter 1 

Sync Bit 
GHinter 2 



Manual Halt 
Mk 1 



Manual Halt 
Interlock 



Manual Halt 
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Load 



Manual Halt 
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nS 
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116 -knS 


n6 


l\ 


i.v, 

n6-»n9 


"^ 


Pi 


i«.o, 

n7^n4 



(I) 



(2) 
(3) 



(4) 
0) 
(5) 

(6X7) 
(I) 
(8) 
(9) 

(10) 
(11) 

(2) 



30 



ffi^mimmf^ 



l!BWBWi^PW^!iW!P 



^;5S!P>WSB^^WW»Wilw»"!«'*JUU.,L..l"llMAiii!Uii n ly 



GE/EE/72S.2 



o 



Sute 



Sute Name 



TABLE VIU (CONT) 



InTonnation Transfer 
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Prepare to 
Compute 
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Information u«d to construct this ubie was taken from Ref 7: 554^7 and Ref 14: 1.1 - 2.15. 
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TABLE iX 



Ktpatt Tnuufer Equations for ttic- Compute Slates of the D-17B Computet. 

Noiv*: ThK tabte nuy be used »ith Tabic \ , the number 
in pirentlu^tis to :Ik ridit of she r^iiicr transfer 
equation dcss^'naies the assoctiicd equation in Table X 
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Inforimtioa Transfer 



c2 O^ O*, O^ O; T, A\a : O • D 



'4 "3 "2 "I »x ^24 



c2-^cJ 



c3 



Last Word 
Time of 
Execution 



c3 T K*' : »• K 

c41 - n22 



Ibconditionil 
Transfer 



ConditK-nal 
Transf..- 



c4 NJ Tjj : O * Ij. O • D 

c4 -♦ c3 
<^To : (Cbi)-Cpi i=i;!." .5 

cST^A24 M* O4 
c5 -♦ c4 



Store 



^ih 152^x1-5, I-S2 

c6 -•c3 
(A)«»M < cllj.s[l J-2> 



(45) (46) 



o 



c7 



a 



Clear and 
Add 



Add 



SiAtraC 



c6 E^g : c6 ^c3 
(A)»-M< cll l.s I Il-2> 

^ \ ^b5 ^b4 ^b3 ^b2 ^1 - ' • ^c 

c6 -♦ c3 
(A>, + Vy«» Vj i= 1... ,24 

c7T, : I*N, 
1- A, 
c7 -♦cS 
(M < o I I J > ) •» A 

c8 Tjj : O • A^ 
e8 -♦c3 
(M<of I 1>) + (A) •A 

c9 -♦c3 
(A)-(M< 0(1 1>) • A 



clO 



Split Add 



clOT. 



c3,A, 



: O »»A,j 
clO •*c3 



(Aj) ♦ (M < o J 1 1 » i -Aj 

i« U, •■•, 1 1.14.15, •••;>4 



(47) 






c30', T,2 : 0*A, 

(Aj)» Aj i= 12.13 
c3Tp : 0-\ 


■7 
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SUtt 
ell 



cl2 
cl3 



SutcName 

SpUt 
Subtract 



X Special 
Compleinent 



:14 


Minus 
Magnitude 


cl5 


Lo^cal 
And To 
Accumulator 


cl6 


Enter Fine 
Countdown 


cl7 


Ibh 

Fine Countdown 


cl8 


Reset 
Detector 


cl9 


Halt and 
Proceed 


c20 


Load 
Phase 
Register 


c21 


Binary 
Output 

1 



TABLE K(CONT) 



Infonnation Transfer 



ell T, 



ell -* c3 



l-» A, 



(47) 



(Ai)-V<«i I IM* •^ i= u.- -.n.w.i5, 

•♦•,24 

e3 O', T|2 : O -* A^ 

* * OV - Aj i = 12.13 
c3 Tp : O • Ag 

No Action 



cl3Tx : el3 -*c3 
c3 ,Ag : 1 -*\ 
c3Ag : A;t- Ap 
2'$ Compleroent of (A) •• A 

cl4 A'24 Tjj : I -» C\,\ 

cl4 Cy,^ To : ! - C, 
cl4 - cl3 

cl5 Tj^ : cl5 - c3 
c3,A^ : Aj-Lj-^Aj 
^ i= 1, ;!4 



cl6 



cl7 



1-F, 



cl8 : 


•D, 




cl9 T- : 


cl9 -• 
-K 

-♦ n22 


c3 


c20T, : 
c3 i^" 


c20-» 
Pi 


c3 



(48) 



(49) 



(50) 



c2lG, :(Ai)+l -^ i=l7.--:»4 
c2lG'| : (Ai)-1 -Aj i«l7, —.24 
(A24)* G, 
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TABLE IX(CONT) 






Sute 


Sute Name 


Infomution Transfer 




c22 


Binaiy 

Output 

2 


c22 G2 : (Aj) * 1 •* 
c22 G^ : (Aj) - 1 
(A24) 


Aj i» 17,-- 
• Aj i = 17, 
-G, 


.24 
-••.24 


c23 


Binary 
Output 


c23 G3 : (Aj) + 1 »• 
c?3 G^ : (Aj) - 1 


A: i= 17. - 
*Ai i= 17. 


.24 
.--.24 




3 


A24 * G3 




c24 


Discrete 
Input 
A 

• 


c24 T_ : • A- 
c24 -*cf 
)^» * Aj i = 1. 
D, ^A2o 

Fc "* A2, 
h "*A24 


••.19 




c25 


Discrete 
Input 
B 


Yf ^ Aj i= 1. , 


24 




c26 


Discrete 
Output 
A 


c26 Tj. : c26 - c3 
op ■» Dj i = 1,- 


• .5 




c27 


Voitase 
Output 
A 


c27 T^ : •» A,. 

c27 - c3 


I4 : i = 1. - 
1^:1= 17,- 


•3 

-.24 

•J8 


c28 


Voluge 
Output 
B 


c28T, : 0** A^ 
c28 - c3 
^•V2J 


14:1= !.-• 
I4 : i = 17. 
j= 1,- • 


•J8 

••.24 


c29 
c30 


Voltage 
Output 
C 

Y Special 


C29T,: O.Afc 
c29 -c3 
Ai-V3j 

No Action 


14:1=1.- 
1^:1= 17. 
j = l. 


■ Ji 

••-.24 
3 
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TABLE IX(CONT) 



O 



Suie 
c31 



Sute Name 

Accumulator 

Left 

Shift 



Information Transfer 

c31 : Ij- C,,i i=l. • .5 
c3J(Cb)>l : Aj^Ai+l -Ao 

c31 qD : c31 - c3 

c3(Cb)=l : (Aj)- Ai+1 i=l.- .23 
0«.A, 



(51) 



n 



O 



c32 



c33 



c34 



c35 



c36 



Accumulator 

Right 

Shift 



Split 
Accumulator 

Uft 
Shift 



Sjriit 
Accumulator 

Right 

Sluft 



SpUt Left 
Word 
Uft Shift 



Split 
Right 



c32: Ij^ Cb! »" ^' ^ , 
c32(Cb)>l : \-\t i»2.-;!4 
A-14 » A24 



c32 JO : c32 -♦ c3 



(51) 



c3(Cb)=l : A; «-Aj., i=2,' ,24 
^24"* ^24 

c33:li-Cbj i'l.' ,5 

c33 (Ci,) > 1 : Aj - Aj+i 1 - 1. .^.M. ^;> 



(Cb)-> -Cb 



0«^A, A,4 



c33 qD : c33 - c3 



(51) 



c3 (4) =1 : (Ai) => Ai,i i= I,--, 10,14. -^3 
=* A, A24 

c34(C;)) 1 : Aj- Aj., . - 2, - ,11.15. ^A 



(Cb) -1 - Cb 



A,i =» A,, 
^24 



A24 



c34 „D : ' c34 - c3 



(51) 



C3 (Cb) =1 : (Aj) - Ai., i»2.--.lM5.- .24 
A,i •» Aji 



^24 



A24 



c35 : Ij »• Cbj > = 1. ^ . 
c35(Cb)> 1 :(Ai)- A5+J .= 14, ••,23 
O » A,4 



ci5 qD : c35 - c3 



(51) 



c3 (Cb) =1 • (Aj) - A; +, i'=14,--.23 



M4 



c36:l|» Cbi i= K ^ . 

c36 (Cb) > 1 : (Aj) =» Aj^, 1 » 1. ,10 
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TABLE 1X(C0NT) 



o 



I o 



Sute 



c37 



c38 



c39 



c40 



c4l 



Sute Name 

Word 
Left 

Shift 



SpUt Uft 
Word. 
R^t Shift 



SpUt Right 
Wotd 
Ksht 
Shift 



Single 

Oiancter 

Output 



Split 

Compare and 
Linut 



Muhiply 



Information Transfer 
*» A, 



c36 qD : c36 -♦ c3 



^1 



" •» Ai 

c37:Ii=»Cbi i=l. ^ 
c37 (Cj,) > 1 : (Ai) ^ Aj., 



c37 qD : c37 



i= 15, 

c3 



^4 



^24 



(51) 






c38 : L 



Cbi 



A24 ** A24 
i= 1. 



c38(Cu>> 1 : Aj «» Aj., 1-2. ♦" 

A a^ A ^ . 



A„ •» A|, 

s°(Cb)=^T(A;)'•^., i=2...-.ii 

A,| • Ai, 



c38 qD : c38 



c39 : I: «» C^i i= l,-*^ 

c39 (Cb) > 1 : (Aj) = Cj.20 « = 21. 

c39(Cbi)=l -r -» i •=l.-".4 

c39 qD : c39 -* c3 

c40 : Aj, * Cb4 A24 * J 
(K! < ol I 1 > ) * N 

c40r 1(A) l>r l(N) r 1 • Cb3 

c40 1 [ ( A) 1 > J I ( ^') 1= * ^ ^bl 
c40 „D : c40 - c3 
c3Cb3C{,4:rl(N)l -r [Al 
c3 Cki Chd : 2's complement of 
^^ I l(N)l* I Al 

c3Cb, J' : 1KN)1-*1 lA] 

53 Cu. J : 2's complement of 1 K*^)! * 

c41 : (A) -» L 

(M < o(ll > ) *N 

(L) X (N) * A 
c41 ^D : c4I - c3 



. . . -> 



,24 



(51) 



lAl 



(51) 
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TABLE IX(CONT) 


Sute 


Sute Name 


Information Transfer 


c42 


Sptit 
Multiply 


042 : (1 [ AJ) - r [ L] 

(rIAJ)- llLl 

(M< o[ 51>» N 

(1[L1) X(rlNl)* r [A] 

(r I LI) ?( (1 [ N 1) - 1 lA 1 
c42 qD : c42 -* c3 


c43 


SpUt' 

Multiply 

Modified 


c43 : (Cbi) + (PiJ -Cbi i=U3 

1 ( I Al ) * n t Ll 
r(lAl)- iLl 
(MiCu.slin)** N 
(l[Llfx(r[ND -llAl 
c43 pD : c43 "* c3 



(51 



(51) 



Information for this Uble was obtained from Ref 7: 37-54 and Ref 14: S.l - 6.13 
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Logic 

Equation 
Number 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) • 

(8) 

(9) 

(10) 
'11) 
(12) 

(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 
(20) 
(21) 
(22) 
(23) 
(24) 



TABLE X 
Equations Used in a State Desa<ption of- the I>-17B Computer. 

Equation 

,0, = K' V,' J o{ s B^ ay Bj- 

(yO, = K- V^ O4 0, S B6 B3 B5 
qR, = K- V- R, J S B^ B3 B5 0, 
JO4 = K- V^ R^ J O, 0, S T24 
(Pl'^'^c R; J T24 O4 Sb^ K*h 

(i04«K-V; R; ?0;ToSb2K«i, 
0P2-K'V, R^ JT24 040,0, 
,V^= K'V; R; JT^OjOjF,* 

,©2 = K' v; R^ J O4 02 r 

lVe = K-Vi R^ JT,0i0'2 
,Sb2 = K'V; R- JSi,3 

,V, = KV^R,.3T,0,02F,* 

jD = K- V-^ J B4 

,K = K* V; R^ J D' T 3 

,R, = K-V,JT*T„ 

0V^ = K'V,JRiSb2T3, 

oRc - K' V, r* T,3 

0J«K'V,R,T23 
6Sb3'K'JV,R,04 

I^pS = K- V^ BJ, 

,L^ = K- J- V^ R; Cp5 Cp4 Cp3 Cp, Cp, Tp 

0L,. = K'T,4 

,J = K' V^ R- Tp Cp5 
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Equation 
Numbet 

(25) 

(27) 
(28) 
(29) 

(30) 
(31) 
(32) 
(33) 
(34) 
(35) 
(36) 
(37) 
(38) 
(39) 
(40) 

(41) 
(42) 
(43) 
(44) 
(45) 
(46) 
(47) 
(48) 
(49) 



TABLE X (COOT) 

Equation 

,0, ' K- J' 

0V^, = K-V,R' J Cp5Si3 Xp 

<P3 = K- J- V^ R- Cp5 Cp4 Cp3 Cpj CJ,, Tp 

o04 = K'V^R; JCp5Cp4To 

qV, « K- J- V^ R;^ Cp5 Cp4 Cp3 C^2 Si ^12 

oVc = K' J R- V, Cp5 Cp4 Cp3 C;,, Cj,, Tp 

OE.K-V; 

(Pa ' K' r T24 

,j « K- v; R^ k;« Tp 

,A, « K- J V^ R^ Cp5 Cp. Cp3 Cj,, C^y Tp 
qD « K- J V, R; Cp5 Cp4 Cp3 Cp, Cp, Tp 

|0b3 ' B4 (»'p S* Ip S-) 
lD=NiD'Tp 
,E = E' N'i D- Tp 
j^ = K- E Nj D Tp 

o'p * ^ *x 'c ^' ^px 

1*? - ^ ^x *c '^' ^px 
,D = E D- Tp K' V^ 

0E=EDTpK' 
,Sb2«EDTp^oA,N;K03 
,S,»03 020, EQ'Cb5Ci4 0^30},, T, 
S, = O', O, O, E 0- Cm CL. Cv, CL, T 



1*2 



b5'-b4 ^b3'^bl 'x 



,A^«KE0403 C^ 0,83 

,A^-KE04 03 02 0,EC5C4C3C2C', A, Tp T, r^ 

,Ap « K O4 O3 0-j O. E- C5 C4 C3 r2 c, r, ^ ^ 
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Equatioa 
Nii3J>er 

(50) 

(51) 

(52) 

(53) 



TABLE X (CONT) 

Equation 
qK « K E O4 O^ Oj O', C5 C4 C3 Cj q Tp 
QD=KECi5 C^ q,3 €^2 ^d *^x 

,03 = K- r v^ R- Cp5 Cp4 c;,3 Cp, Cp, Tp 

l*c " ^p5 ^p4 ^J>3 S2 Si ^0 



o 



u 



Informatioa Used to Construct this Tabk was obtained from Ref 14: 1.1 • 2.15. 5.1 - 6.13 
and Ref 19: 5^ - 5-162. 
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nitialuied to sUtt the syrcronuation of the bit counter with the sector tnck. Control flip-flop O2 
and J aie "one** set to al.ow transition to the Sync Bit Counter I state. 

Sync Bit Counter 1 (n2>. This state is the second state durii^ which synchronization of the 
Bit Counter and the Sect.ir Track is accomplished. As shown on the state dia^m. a transient master 
reset sknal (less than on nenwry revolution in duration) will cause the machine to recycle throi^h 
the Prepare to Compute ^late. The 0| flip-Hop is "one** set aliuuing entry into the next sute. 
Syce Bit Counter 2. 

Sx-nc Bit Counter 2 tnj>. in this state the instruction register is loaded with an unconditional 
jump instruction to chann-i 0. sector O. This instruction will be the first instruction executed unless 
a new mstiuction is loadei' prior to the compute; entering the compute mode. 

After complete sync ironization of the bit counter and the sector lack, the R^ and 0| flip-flops 
are "zero** set allowing transition to the Manual HaltJdie 1 state. 

Manual Halt-Idle I (n4>. This state acts as a decision point for state tran«tion. Three separate 
situatioas viO cause the computer to enter the Manual llalt-lnterlock sute. If the previous state were 
ii3 01 n7, then state n4 was entered at a bit time corre^nding to T^ of sector number 0; thus, the 
O4 flip-flop wiB be "one** set prior to the occurrence of any other state-determinine transition. 

A third situation, wiiich could cause transition from n4 to nS, arises when the computer control 
witch is pbced into **I!a]t*' or "Sii^e Step" during a compute operation. State n4 will be entered 
from Fco^raro llah and transition will occur to state nS or r7 depending on the 0| flip-flop state 
win be deietmined by the instruction that was being executed when the compute switch was placed 
in the Halt or Sin^ Step. Sute n7 may be the next state entered if the previous state were nS. In 
tins as:, n4 was entered at a bit time corresponding to Tj of sector 177, thus allowing the 0| flip- 
flop to be "one** set according to equation (1) Table X. 

State n8, ^epare to Compute, will be entered if the ^Compute** switch is not in a lialt** 
position and S|,2 » **zero** set. S|,2 is a flip-flop that is "one** set as the result of a verify or parity 
etror. 

Manual tfalt-lnterlock 1x6). If there b no Medianical Reader Input Signal (1^ ) present or if a 
**Halt** command is present from the "Compute** Switch or if a Sprocket timing Interlock signal 
(T**) is present with no Fill Signal, the computer will cycle between states n6 and nS. Similarly, a 
cyde will exist thtou^ n7. n4, and nS if a Mechanical Reader Input signal is present with no Fill 
signal (Fk ). 'H'ait'* state, n9, will be entered if a Fill sijsnal is present. Thus Manual iblt-lnteriock. 
nS, acts as an interlock fur the state tranMtion prtKCSs of the omiputer. 
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Manual Halt-Prepare to Load (n6>. Prepare to Load state is entered if a device such as a plioto 
reader b used for loadiug. From this state, transitioii will be back to nS if a Sprocket Timing Interlock 
Sgnal (T**) is pri'sent or to the Wait state. n9. if no T** signal is present. 

Manual Ifaltldlc JjjT], TIte .Manual lUlt • Idle 2 state ser\-es as a timing dcUy. From tlus state 
the computer «rtU enter n ( if the compute switch is in the *ila]t** position and/or a Parity Enor has 
occuned. If no parity oi verify crrois iave occurred, the next state will be n8, the Prepare tc Compute 
Sute. In the event that a Fill signal (1-^*) occurs, the next state will be n9. 

Pltepare td Compute . n8>. In the Prepare to Compute State initialization of several flip-flops is 
accomplished ia preparatio i for entry in the Number Search Sute of Compute. J must be **one** set 
aUofting ihe D flip-flop to be "one** set. Then when agreement is reached between sector trade and 
the Number Register, K is "one" set. 

Wait (n9>. ■ Flip-flops are initialised to receive the Input Load code in the Wait State. The 
computer will c*'cle between this sute. n9, and Prepare to Sample. nlO. until the Sprocket Timii% 
Interlock agnal. T**, has reached steady state. If a verify enor occurs the Idle 2 state will be reentered. 

Pite pare to Sample (nIO). The primary purpose of the ftepate to Sample sute, nIO. is to allow 
the Sprocket luning Interlock $%na] tc teach steady state as described above. When this occurs, the 
computer will remain in the Prepare to Sample state until bit time T-tj occurs and will then transition 
to the Sample state, nl 1. 

Sample (nil). Durii^ the Sample state the computer will load the infoimation on Input Lines 
1 1* through Ij*. Note that flip-flops C_j through C-^ were •^ro" set in state n9 and will be "one" 
jet only b)' an !• input. At bit time Tjj the computer will enter the Parity Chedi state. 

Parity Check (nl2L Flip-flops Sj,3 will tocgle on C-j as Cpj thiough C_} complete a circular 
duft. This circulation will occur on each bit time wlicn the O^ flip-flop •< "one" set. In order to 
insure circulation for only five bits times the O^ flip-flop is "one" set on bit time T20 and "zero" set 
en bit T24. "One" setting the C-j flip-flop will allow a chai^ to one of the Process Code states 
depending upon the contents of the Input Lines. 

Clear (nl3K The clear load code causes the Lo»er Accumulator. L. to be filled with zeroes. 
"One" setting the 1.^ flip-flop allows new information to be read into L starting with bit time T^^. 
Then the C_| tlip-flop is copied into the L- flip-flop at bit times Tj through T-.^. At 1-,^ the L- 
flip-flop tS "icro" set preventing new infomution f;om being read into the L-loop. If a parity error 
is indicated by a SJ^^ at bit thne T-. the next mode will be n9: ho«-e>'cr. if no parity error occurs, the 
computer will go to state n7. tlie Wait State. 

I^V-'K("*^>- W1:cn tlic inp;»» liiwi arc ail "ones" no action b taken by the computet. Tlii> 
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-coininand can be used as i space in input tape. Five **zeroes** are not used as a Delete command be- 
cause the S{,3 flip-flop «uu]d indicate a parity error. 

Pretnre to Fill(n IS ). Tlie Prepare to Fill State b a preparation state for fllling the memory. 
After the Fill command -s processed, the succeeding Load codes «ill be loaded into memory until 
"Halt" or "^tart Compute " coninunds jrc processed. In the event a parity error occurs, the next 
state win be n7: if no pai: y error occurs, n9 will be next. 

Pirepare to Verify. T le Prepare to Verify State. nl6. is snalogous to the Prcpre to Fill Sute. 
Once the computer cycles through this state (caused by processing a load code I5 I^ I3 I1 1| ) the 
succeeding load codes will ae compared with the contents of roenior>' as ^cifled by the instruction 
Register. This actual operation will be executed as the result of an Enter command and will therefore 
be described as part of the Enter sute. Exit from this Prepare to Verify is similar to that of the 
Przpaie to FiO state. 

Octal Numbers fnl7 ). In this state the octal numbers (ecei\ed from the input lines will be 
stored in the L re^er. Any number of octal codes may be loaded, but only eight sets of octal 
digits may be stored in the Lower Accumulator at oik time. Octal Numbers that are shifted out of 
L are lost. Exit from this state is similar to those of the other Process Code states. 

' Location (nIS). In this state, nl8. the contents of the L register is transferred to the instruction 
register. This information will contain the memoi}' location, channel and sector number, that will be 
used to start Fili and Verify operations. 

The Ij. flip-flop is "one" set at bit time T^, allowing new information to be written in the I 
register, then it is ''zero" set at bit time T-)^ .^ficr L b transferred to I. 

Enter (nl9K In this state, nl7, the contents of the lower accumulator Hill be loaded first into 
the accumulator, then into memory if a Prepare to Ril state had initiated a fill operation. The 
contents of the Accumulator and memory will be compared if i verify operation had been initiated 
by the machine when c>'c!ins through the Prepare to Verify state. The location cf incmo:>' invoked 
in the above operation is spedfled by the l;;struction Register. If a parity error is detected, transition 
will be from nl9 to n7. othcwise an error-free operation will allow the computer to go from the 
Enter state to the Wait state. 

At this point it is necessary to defiiK a set of four states that the computer c>'clcs through 
during a Fill or Verify operation. (A Fill or Verify operation r esults after the computer has success- 
fully cycled through the Prepare to Fill or Prepare to Verify states and will continue until the Halt or 
Start compute suic is readied.) T!:cm: four states are calkd Fill-Verify Idle, fvl: rill-Verify Number 
Search. fv2; Fill-Vcrily Wait 2 Word Tinie>. i'v.»; and Fill-Verify E.v:cute. fv4. The ct>mputet cydcs 
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throi^ these states aim Itaiscously as it passes tluough the Enter state. A state diagram of this four- 
state operation is depicted in Ft$. 9. These states will be discussed in conjunction with the Enter state, 
since they occur simultatu-ously beginning in the Enter state. The action taken by the computer will 
vary with the part of n.ef.iiir>' that is to be tilled or verified, thus it is necessary to consider not only 
the Emcr state and the ft ur-slatc cycle described above, but also the part of the memory invoKcd in 
this operatiiHt. 

RB-Verifv Idle (fvll Duiing the Fill-Vcnfy Idle state X'-k Louer Accumuhtor is copied into 
the aocummulator. **Zero'* settii^ the D flip-flop causes transition to fv2. the Number Search State. 
This tranation occurs ain-dtaneou$]>' with a transhion from nl9 to n9 states. 

Fai-Verify Number Search (fv2>. During this state agreement is established between the Sector 
Trade and the operand secior part of the I register. This comparison b made by the 0|y2 flip*^^ 
during bit tiates T2 throng T-^. The operand channel part of the I re^er L<^ copied into the C- 
register and chaiuid agreement is sstablished. The D and E flip-flops are "one" set to cause transition 
to the Wait Two Word Times State. 

Fin-Verify Wait Two Word Times (fv3>. During the Wait Two Word Times state the Channel 
Buffer is copied into the Channel Register. The Number Register copies the contents of memory as 
^eicified by the Channd Rqpster. "Zero** setiii^ the D flip-flop causes transition to the Fill-Verify 
Execute State. 

Fill-Verify Execute f fv4>. For both Fill and Verify operations the operand sector part of the I 
register will be augmented by one in this sute. For Fill ope<ations the contents of the Accummulator 
will be transfened t-) a memory locatioa as spedfled by the Operand .Address part of the 1 register. 
After (he Fill operation, transition is made to the Fill-Verify Idle St^tc. Verify operations are 
diffetent in two ways. First, the contents of the Accummulator and the Number Register are 
compared. If agreement occurs, Sj,2 flip-flop will remain "^cio" set and the next state will be fvl. 
Disagreement is indicated by S|,2 "one** setting and the ne.\t state will be a Manual Ibit sute. 

Hah (n20). UTien the 'Halt" code is processed the Ifalt state will be entered and the V^ 
flip-^p w>*I be ''zero*' set causing a transition to the Program lialt state. 

Start Compute Cn21). The Surt Compute command, when entered on the Input lines, will 
cause the computer 10 enta the Manual llalt Idle I State before transitioning to the Prepare to 
Compute and Compute States. If a parity enor occwred while processing the code, the computer 
will net transition from the Manual Halt states. 
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ftopam Halt fii22> Four separate conditions nuy cause the computer to enter o22. the Program 
Halt stale: (1) If a **Halt" load code is successfully processed, the computer win enter n7 before re- 
tumii^ to Manual Halt Id'e states. (2) A halt instruction may be executed in the compute states. 
(3) If the Compute Switc'i is not in the "Run** position when a new instruction is found the com* 
puter aril! return to Pzogi im ILili state from the "Last Word Time State" of compute. (4) if durii^ 
the Nmnber Search state ot compute the tTumpute Switch" is not in "Run" and an instruction 
search is required to locatt a new icstiuction tlie computer will enter n22. In all cases tiie computer 
pcep ai es to enter one of tl e Manual Halt Idle states during tlie Program Halt state. The actual Idle 
state catered depends upon the state of the 0| flip^p which was set by the instruction being ex- 
ecuted when state o22 wa: entered. 

if state ii22 were entered as the resuh of processing a Halt command during a Hll or verify 
operatMMi, the D and E flip-flops would be set to cause the computer to simultaneously enter the 
Idle sttf e of the RU-Verify operation. 
Coimmte States. Ref (11:25) and (1S:S.1 -6.13) 

The Cbmpute States of the D-17B are contndled by seven sajor control tlip-flops. The 
K flii»-flop. when "one" set, indicates that the con^Ri;er is in one of the "compute" states. The 
nrious states of compute are then controlled by the D and E flip-flop. I^lien the E flip-flop is 
"one** set an instruction is being executed. The D flip-flop, when "one" set. indicates that an in- 
strvctkM seard) is m progress and when "zero" set indicates instruction read and/or operand search 
is in progress. The four flip-flops of the Operand Storage Register, 0^ through 0], determine the 
instruction that will be executed. 

Instruction Scardi (cl). The Instruction Search Sute as deHned in this report wiO be the state 
indicated by the flip-tlop settings K D E*. It is not necessary for this sute to occur with the execution 
of every instruction. 

If a program i* optimally coded, a new instruction can be read into the I register during the 
execution of the present instruction. In ihh case, the instruction seardi operation was performed as 
a result of the furethouglit of the programmer. Similarly, the instruction Read-Number Seardi Sta>e 
may abo be avoided by astute programming. In this case the computer would c>'cie between the 
two states of Execute without actually performing an instruction or operand search. 

instruction agreement occurs when the memory location addressed by "next instruction" part 
of I is in a position to be read by the computer. Monitorii^ for this condition is performed by the 
buffer flip-Slops O^^ and O^t. These two flip-flops are monitored by the i . Hin-tlop which controls 
the D tlip-llop. I^lien the D flip-tlop becomes "zero" set. transition to stale c2 occurs. 
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Instnictioo Read-N inAct Search (c2). Instruction Read-Number Search state, c2, is a dual function 
stale defined by DE* flip-flop conditions. Like the Instruction Search State, this state may not necess- 
aiify be realized with the execution oi* every instruction. One-half of the dual function of the state nuy 
be cxeidsed. For exaini Ic. the next imtiuction may be found and read during the Execution State 
and the computer may c -de to state c3 fur the Number S:aidi function alone. 

For number agrcer^nt tiie inform^ttion in !„ at bit times T-> • Tg must agree with the Sector 
track. S. SiiKe the loops are effecthrcly separate channels of 4, 8, 16 word length more than one flip- 
flop is needed to dieck agreement for all channel lengths. Hip-flup O^-, monitors for agreement for the 
4 wDtd loops, 0|,] monitors for 8 word loops. S^^ for 16 word loops and 0^^ monitors for the full 
diaaiid length. 128 word:. The N^ flip-flop is the primary number agreement monitor and is changed 
by the above iiumber agreanent flip-flops at bit time T]3. 

Instnictionr Kead b accomplished by setting the desired memory channel into the C_5 through 
Cpi flip-flops. When the 1^ flip-flop indicates Instruction ^ecment, the 1^ flip-flop is 'Vine" set 
do«rti% the new instruction to be read into the I registsr. Bits I'>4-I->i are t^d into the Operand 
BufTer Repster. and I|2 • Ig are read into the channd buffer register. If ihc ailiuc>ion is s flag-storc 
instioction (I2Q =1) the fl^ channd information, li^, I|g. and I|y is read into the Fbg Code Buffer 
Repstn. If ths instruction is not a fbg store instruction, the Fl^ Code Bufler Register is loaded with 
-zeroes." 

From this state. c2, transition will be to one of the instruction execution states or to d in the 
case of the transfer oa minus nistniction with a posithrc accumulator (see state c4 description). If the 
CoiB}iute Switdi is not in the "Run" position when the 1^ flip-flop is "one*^ set to read a new instruction, 
the computer wfll go to Non Compute Program Halt, n22. 

Last Word Trnie of Execute (c3). The Last Word Tmte of E.\ecution. c3. wOl be discussed in 
con|unction with the execution of each of th£ instruction states since during this state the operation 
started in eadi of the instruction states is completed. For all one-word-time instructions (O^ = I), 
the instruction defining state is entered for the first bit time of execution and then the computer 
transitions to c3 to comi^ete the operation. 

This state acts as a decision point for the computet 'o exit the Compute Mode. If the Compute 
Switch is not in the ''Run*' position and a new iiutruttion b found, the computer viil! go to state nl] 
Noo Compute Program Halt. 

Unconditional Transfer (c4>. The word format of the D-17B makes m) provt«ion for spedfying 
the channel of the next instruction. Thus, there must be a command to change clunnels of operation. 
TI1C Unconditioful Transfer b a "jump" instruction that b used for thb purpose. In thb "jump" 
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instnictxm the sector of -text instruction fleld is ignored and the complete operand address serves as 
the address of the next instruction. The new channel address is contained in the Operand channel 
poitkm of the transfer iiiMruction. Tliis information was shifted to the program channel buiTer 
register during the tnsiru.%ion search operation. At bit time T^ the program Channel Buffer Register 
tt paraUel kuded into the Program Channel Register. 

Instnictioa agreement is controllcti by the number agreement flip-flop which determines the 
sector of the new in^ruc< on from bits ly through It of the present instruction. 

Conditional Transfer (c5). The decision for the Conditional Transfer operation is made in 
state c2. If bit Ai^ is zeti, the accumulator is positive and the computer returns to state ct to 
seardi for the irutruction is indicated by sp ( I ] . A "I** in bit position A->^ indicates that the 
accumulator contains a ne •attve mimber and the computer goes to state c3 and selects the new in- 
struction as indicated by o ( I ] . 

Store Accumulator (c6>. The Store state must be coiuidered for four different situations; 
storing in dunnel 50. storing in channels 0046, storing in the loops, and flag storing. 

Storing in channel 50 or "hot storage writing** is initiated by setting the S. flip-flop to the channel 
50 store code, then the Accumubtor is copied directly into diannel 50 and in a sector two octal- 
numbers kss than the sector of s ( I ] . This two-sector difference is accounted for by the fact tiiat 
the write heads are separated from the read heads by two sectors. 

In order to store information in channels 00-46 an E\VC signal muit be present, enable write 
switch must be on. For selecting channels 00-46 the computer utilizes a separate selector swilch for 
each dunncl. This selection b accomplished using the contents of Channel Storage Register. The 
Accumulator is then s«ored in the nnemory address specifled bv the op { I ] minus two sector positions. 

Storing in tlte E. F, II loops is similar to storing in channel 50 except t.he S| flip-flops are set by 
the contents of the channel buffer register. 

Storing in the V and R loops may be accompiislied if the computer is not in Fine Countdown 
mode (F^l) (See slate cI7). In this case tlie contents of A is added to the incremental input at the time 
<^ execution. 

A qieci;ii case results when the T^g bit of any instruction is -l". This "flag". "1" in T->q. b 
used to execute two operations with one instruction. The contents of the Accumulator will be stored 
in the channel indicated by the contents of bits l|9 • Ip. Tliis means that the sector of next in- 
struction Held of the instruction being executed b limited to the four bits l|g • ip and the next in- 
struction must be within the next 16 sectors. Flag storing b accompiislied in the following steps: 
The Flag store buffer revii»ter S|^ b loaded with the contents of l^q • l^y during state c2. During the 
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exectttion of the instiucJon the Flag Store Buffer register is paralIel4oaded into the flag store register. 
This information is used to select the proper write heads for writing the Accumulator contents into 
memoiy. 

Clear and Add (c7 ). State c? initiates the clear and add operation, in w^•ch the contents of 
memoty as spedfkd by the operand address is transferred to the Accumulator. In state c7 the N^ 
fUp-Qop is ''one** set a!U wing the selecsed contents of memory to be read into the Number rc^stsr. 
In state c3 the operation is completed, the selected contents of memoty b read into the accumulator. 

Add(c8). State ci initiates the add operation in which the memoiy contents as ^wcified 
by operand address b added to the accumuhtor. The sum is tlten stored in the acctmiulator. 

StAtract (c9). Subtraction is accomplished by the hardware as addition in the D-17B; however, 
the cany operati{» of addition is converted to a borrow operation by a "one*^ in the O2 flip-flop. 

Splft ^d4 f^lO)- During the split add operation the ^lit word contents of the accumulator 
is added to the correqionding parts of memoty and the sum is stored in the split word portions of 
the accumulator. At bit times T]2 and T]3 the A^ flip-flop is "zero** set allowing the contents of 
A]2 snd A]3 to remain unchanged. 

Split Subtract (cl 1). The split subtract operation is similar to the split add operation, except 
that the split word contents of memory location specified by o [ I ] is subtracted from the contents 
of the Accumulator. 

X Spedal (cl2>. No action is performed in the X special state, h serves only as a decision point 
for the cottiputer to enter a special set of states that require one word time to complete and do not 
tsquite access to the computer ntemory. The Chaiuicl Storage Register contents are used to select 
the X Special State that will be entered from cl2. In this special operation the channel storage re- 
gister serves as an auxiliary operation-code storage register. Since all the S special operations are one 
word time instructions, the spcciflc X special state serves to dcflne the operation and much of the 
actual operation b performed in state c3. 

Complement fcl3). The complement operation causes the 2*s complement of the Accumulator 
to be read into the acctunulator. The accumulator is circula'.cd jnd the A^ flip-flop is "one** set 
by (he flrst "one** in the Accumuhtor. .Ail succeeding bits of the accumulator are complemented. 

Minus Magnitude (cl4). \^i,cn the computet enters the Minus Magnitude state. cl4, the sign 
of (he Accumulator is tested. If the Accumulator is negative no action is taken; if the Accumulator 
b positive the C(j| flip-flop b "one" set and copied into the C| flip-flop . thus generating a complement 
instruction. 
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Logical And to Aof umuhtor (clS). Entering state ci5 causes the corresponding bits of the 
Accumulator and Lower Accumulator to be logically '*anded". 

Enter Fine Countdtiwn (ci6> . Entering the Fine Countdown causes the F^. flip-flop to be "one" 
Kt. This places the com*>uter into a parallel operation called Fine Countdown. During Fine Countdown 
the V and U loops form a digital integiator. This operation will continue until the Halt Fine Count* 
down State is entered. 

Halt Rne Countdown (cl 7). Entering the Halt Fine Countdown state, cl7, causes the Fine 
Countdown flip-flop, F^., o be "zero" set. 

Reset Detector (cIS ). When the Reset Detector state is entered, the Dj flip-flop is "zero" set. 
The Dj flip-flop is "one" set by Ig . 

Halt and Proceed (cl9). Entcrii^ state cl9. Halt and Proceed causes the computer to enter state 
c3 and then state n22. Program Halt. 

Load Phase Register (c2C). The Load Phase Register special instruction causes C2 to be loaded 
into P2 and C| is copied into P2. P3 copies the I^ flip-flop at bit times T| through T5. State c20 
is deflned by three of the C flip-flops , C^, C^, C3; the remaining two C flip-flops may be either "one" 
or "zero'" set. The actual purpose in setting the Ruse Register will be discussed in conjunction with 
sUtes c27. 

Biiur>' Output (c21. c22. c23). Binar>- Incremental Output States may be discussed simultaneously. 
These states differ only ha the sense that state c2i involves output flip-flop Gj . c22 involves G2. and 
c23 involves Cy Only the flrst state, c2], will be discussed because the discussion is directly appli- 
cable to aO three slates by substituting the proper Gj flip-flop in state c2i. where i = 1 J*, or 3. 

In state c2l the state of the G,fltp-flop is checked, if Gj equals "I" the flrst eight bits of A 
Is treated as a word and -i-l is added to that word. If G| equals "O'* a 1 is subtracted from the word 
formed by the first eight bits of A. After one of the above operations is accomplished the G| flip- 
flop copies the sign bit of A. 

Dtsaete Inputs (c24. c2S). In both discrete input operations a set of twenty-four discrete input 

lines and flip-flops are sampled and read into the A register. For a Disaetc Input A. DIA, operation 
the discrete input hnes X| througli X|^ and flip-flops D^, F^, P3. P|, P2 replace bits Aj through A24 
respect ivdy. 

During the operation initiated *^y state c25, DIB the discrete lines Yj through Yt^ replace bits 
A| through At^ respectively. The actual information transfer described in these states takes place in 
state c3; h<Ti*cver. the states c24 and c25 icnc to define the operation to be pcrfcrnied in state c3. 
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Fig. 13 D-17B Discrete Outputs (l-rom Ref n:TR48) 
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KsCTetc Outputs (c r :6). The operation initiated by state c2 , Discrete Output A, causes the bits 
I| through I5 to be loaded into the Discietc Output Register, D| through D^. Thus, the discrete output 
lines may be changed as depicted in I'isure 13. 

Vohagc Output (c2'. c28, c29) . The Voltapc Output States ate identical in concept. The function 
of these states varies only in the physical location of the output voltage. 

Three Voltage Outtn'i Registers are loaded with the split word contents of A . If I^ is **P the 
fight half of A is loaded snd if 1^ is **0" the left half of A is loaded. 

The states c27, c28, :29 determine which set of Voltasc-Output flip-flop, Vij-Vjg, (i=l , or 2, or 3) 
will be loaded from A. If c27, VOA, is entered V| j-V^g to be loaded; and c29. VOC, causes V3j-V3g 
to be loaded with the pto< et half-word of A. 

The Phase Register a so atTects the output location of each voltage line. The setting of the Phase 
Register is necessary to direct the voltage outputs as shown in Table VI. 

Y Special State fc30). The Y Special State, c30, scr\es only as a decision point for entering specific 
states c31 through c38. Oixrrations initiated by the Y Special State do not require access to Memory; 
however, they do require more than one word tune to complete. 

Accimtulator Left Shift {c31). A left sSiift operation is accomplished in the D-17B by adding an 
extra flip-flop, Aj^- to the A loop for the number of word times equal to the number of shifts required. 
The number of shifts is specified by Ij through I5, This number is loaded into the Channel Buffer 
Register and counted down at each word time. 

Accumulator Rieht Shift (c32). State c32 initiates a right shift of the Accumulaior. To accomplish 
this operation the A^ tlip-flop is removed from the tecirculatiun loop of the Accumulator. The number 
of right shifts required is indicated by i| through I5 and the A- flip-flop remains out of tl« A loop for 
that number of word times. If the Accumulator is positive, zeroes are filled into the vacated bits; 
however, if the Accumulator contains a negatWe number, I's .replace the bit positions vacated by the 
r^t shift. 

Split Accumulator Left and Split Accuntulator RiglU Shift (e3.^. c?4\ Tlic discussion of $t:»tes 
c3I and c52 arc directly applicable to the slates c33 and c.^ rcspcc'vely. In tlie split-shift stales the 
left and risht half-words of the Accunwlator are shifted the same number of bit positions but are 
treated as separate words. 

Split Left Word Left Shift (c35). State c35 initiates an operation which cauiCi the left half- 
word of the Accumulator to be shifted left by the number of bit positions specified in Ii thiouglj U. 
The discussion of state c3l is applicjhie to this state, except titat bits .A j.j through A-»j only are afl'ecled. 
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Spin Ri)c*it Word l e ft Shift (c36). Bits A| through A|o only arc aflected by the Split Right Word 
Left S3iifi operation. A* implied by the state iiame, the r^t hulf-word of the A register is shifted left. 

Split Left Word R ii ht Siiift (c37). State c37 initiates a right shift of the left half-word of the 
Accumulator. As in all ri^it siiift upcratioiis. if the half-word were positive, the bits vacated by the 
shiftitis are filled with zeroes and if the iialf word were negative , Ts are filled into the vacated bit 
pcsiticc!». 

Split Right Word R i dit Shift tc.'S ). Slate c37 initiates a right shift of the right half-word of the 
Accutoulatpr. The discussion of c37 is directly applicable to this state except th: right halfAvord is 
diifted. 

Single Character Ou ,->ut (c39>. The operation initiated by stale c39 shifts the four most agnifi- 
cant bits out of the Acctmubtor and presents them to the four character output lines. A fifth 
daxaass output- line b used as a parity line. This infotnution is presented on the diaractcr output 
lines for the number of word tintes specified in s { i ] . 

The Single Character Output operation is accomplished in the following manner. The sector 
portioa of ike insttuction operand is shifted into the Operand Channel Buffet Renter. Each word time 
this le^ster is decreased by one, thus it is used to tcrmhulc the operation after tlie end of (s { I ] ) -•- 1 
word clmes. 

Outing the first word time of the Single Character Output Operation the circubtion loop of the 
AccuitTuIator is extended to include four flip-flop's of the Operand Channel Buffer Renter: Cj, C-., 
C3, C^. This catises th: four most sfnincant bits of the Accumubtor to be left sliifted into these C 
fhp-flcrj»s. Parity is inJicated by the J fl'p-tlop by "zero" setting it at the beginning of the operation 
and allowing it to tofgfc as each "l" is sliifted into the tllp-floo. 

The parity (J), and output (C^. C3, Cj, Cj) is presented on tlie output lines S^ through S^^ 
respectively with the occuncncc of each S^y timmg pulse. 

Split Comtnre ind Un.it (cv ?^ State c-0 initiates tlw Split Compare and Limit Operation in which 
the spcit-u-ord contents of the Accumulator is compared with the corresponding bits of a word in mcmoi)'' 
The tc^mory word is qMcifled in tiic operand of the SCL instruction. If th.* contents of the memory word 
is gre;iter than that of A, no dijngcs arc nude If the split word portion of A is positive and greater 
than tLc conesponding part of tlw memory word, the splil memory woid replaces the split-word of A. 

if the quantity in :-,wmory b Icm than :he corresponditi; part of A and t'liat half-word of A is 
iiegatric. the two's coiTiplemcnt of the memory half-word tejilaccs the AccunwUiot half word. 

V u»tipK' (c4n. Tlie Multiply Operation is initiated by state c-U. Pip operation citises the con- 
tents <?:' tiic .\c^muIator to be mowil to the Lvm-er Accttmulator and the product of tiK AccumuUtiit 
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and meinory contents spe^Ocd by the MPY opcfand is placed in the Accumublor. 

Split Multiply (c42). S tate c42 initiates tiie Split Multiply Operation. This operation is similar 
to the Multifrfy operation except the left half-word of A goes mto the right half-word of L. The 
^lii! words of the Accturubtor and the memory word specified by o I are mcltiplied and stored 
in ilK- feq)ective ^lit wur is of tlie Accumulator. 

Split Multiply Mod ij -'ed (c43>. Split Muliiply Modified is an operation whidi causes the three 
least sisniTicant bits of the Channel Buffer Register to be repbced by the **exdu$i\-e or" of those 
biis and the coments of th; Phase register. The operation then proceeds as a Split Muhiply operation, 
^dit Multi{^ Modified co-nmands allow tlw computer program to vary the effecti\-e operand channel 
address depending upon th; Phase register contents. 

Moltiriv Modified (c l4). State c44 initiates the Muhiply Modified operation which causes the 
three least significant bits of the Gunnel Buffer Register to be changed by an "exclusive or** operation 
with the Phase Register. After the above modification a multiply operation is accomplished as de- 
scr9>ed in state c4l. It b noteworthy that thb operation does not chance the original multiply tn- 
ttruction in raemoiy. 



o 



State Dgsaiption Summary. 

In the above state description of the D-17B the various configurations of control tlip-flops were 
used to define sutes of the computer. These state deftnitions are not unique and many other sets of 
flip-tlop combinations may be used to describe the machine operation. For example a state desaiption 
mqdit be formed usit% only the K, D. and E flip-flops. Tlie sutes described in this report were chosen 
because they could be given names that correlate with other pubiislied infoinution about the D-I7B. 
Hopefully, this i^'pe of description will be an aid not only in understanding the operations of the 
madtine, but also in maintaining it. For example. :he -state" of an inoperable machine may be de- 
tcrmiiisd by checking the sUtus of tlie coutrol flip-flops. Once tlte slate is identified. t!»e maifunction- 
k^ circuit may become apparent by considering which flip-flop is preventing normal state tramition. 






Ot her Techniques of PesCTibin'! the r-l?B 

One description of the U-I7B that was used in the original documentation desaft>cs the mac>w.e 
in tcmis of modes of operation (Rcf JUiS-:?, T12. TRI5: Ref 16: 5-172 - 5-1S4). The term mode 
could be defined as the type of operation that the compjtcr may perform. The machine then has two 
basic modes, ^compute** snd'non-compuie**. Compute operation) are related to the actual performance 
of an instruction and tiie non-compute mode invohes operations such as sv-iKhionizaiion and rcadii^ 
instructK'ns. Ihae modes ate furtlier .xuhdi>iJcd hv the slates of the D and E tliiMlons (Ref i 1:23). 
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The sute description in the previous section was patterned >isins ttus subdivision of modes (submodes). 
Veitcfa Diagnuns. These submodes may be conveniently repretenteJ on a veitch diagram as shown in 
I^ 14 and IS. Thb typ; of representation has the advantage of beii% compact; however, it does iadc 
the facility for presentinj Jie detail tliat is poss3>ie usii^ a state description and the associated register 
transfer equations. 
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Fig. 14 Veitdi Diagram of Compute Mode (From 2:41). 
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Fig. 15 Vcilch Dia-^tam of NvtJ compute Mivlc (Fruni 16: 5-177). 
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HI. INITIAL PREPARATION OF D-I7B COMPUTER 

One remailuble specification of the 0-I7B computer system is a predicted 55 years mean time 
between failure (Ref 7: Tabic I ). This reliability estimation applies to a packaged control assend>Iy 
that functioned in a controlled cnvironnien:. Since many of the proicctive features of the des^ned 
mtssde environment have been removed, an unpackaged U-I7B computer is easily damaged. To prevent 
damaijug the Q'stcm a well-planned iitit^Ihiion procedure diould be jsed. 

' This pan of the report desaibcs a process that could be used to unpack the computer and to 
determine if it is operable. The process can be divided into three phitsss: 1) preparation for power 
on, 2) initial po«-er on. and 3) fabrication of a cooling system. 

Fireparation for Power On 

The D-I7B can be uncrated and prepared for the initial power-on checks in four to six days; 
however, since the system is easily damaged it is not recommended that this step be hastily completed 
(Ref 7:3). 

The tools required for this procedure are: a 7/16 indi socket and rachet drive, a S/I6-inch 12-point 
sodcet, an IS^nch speed handle socket drhe. an Ampex no. 212-8 screwdriver bit, and electrical insularity 
tape. 

Uncrating. The D-I7B computer is shipped in a wooden crate. Tlie top and ail four sides of this 
crate dtould be removed, aHowii^ access to the truncated cone-shaped computer housing. This black 
missile section is fastened to the base of the computer by eighteen 7/!64nch hex bolts. A 100-pin 
tmibilical comiector may be attached to the side of the missile section. Tlie umbilical connector is 
8 inches in diameter and is easily located. It should be disconnected from the missile section first to 
prevent stiessing the wires that attach it to the computer. The 7/16-inch bolls should be removed 
and stored. When the last bolts are removed from tltc missile section, the D-)7 will drop approximately 
one-balf inch onto the bottom of the shipping nate. This will allow tlie missile section to be lifted 
free of the computer. The missile section could bo used as a stand for the computer, as will be dis- 
cussed later. Therefore, it should not N* discarded. 

Free lead Wire Instibtion. Once the missile $ecti«>n has been removed the computer and power 
supply sections may be observed. At this time it is advantageous to note that the cables and wire 
bundles that interconnect the difll'crcnt sections of the computer are easily broken and should be twbted 
or handled as little as possible. 

In order to secure the cables that are on the underside of the circuhr mounting-frame the computer 
slKHiid be placed between two tables in such a way that the circular mountii^-frame partbily rests on 
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each table but does not rest on one or the wire bundles. In this position the nine loose wires that were 
initially part uf the nussile battery system may be insulated and tico to the mounting frame. 

The top of the computer is covered with a white dome (coolie hat) that has a four^itch circular 
bole in its center. This dome was used in the original ^-stem to hold a blo«-er fan. This dome should 
be reoKned and -the loose leads to the original blower motor diould be insulated. Do not discard the 
dome, as it may be used as part uf the new cooling Q'siem. 

Defiiiine a Locating Svsicm. From a top \iew the D-17B computer system may be described as 
a rectangular polygon with twelve sides , as shown in F^ure 16. On; half of this polygon consists of 
power supphes and the other half is the actual D-17B computer liard'^are. These two halves may be 
dtstinguishid by the following features: the pancb covering the power supplies are held in pbce by 
hoiis with heads that are the shape of a S/16"-12 point socket, panels coverii^ the computer hardware 
are attached with screws that have PhiOips-type heads (the saews are not true Phillips heads; they are 
best removed with an Ampex no. 212-8 screwdrhrcr bit). In order to locate eadi section of the com- 
puter, the sections of the computer hardware side will be identified by z mimbcr from 1-6 in clockwise 
fadiicn. Similarly, the power supply half will be identiAed by the numbers 7-12 in docfcwise fashion. 

Usii^ this system, the memory b located at the intersection of sections 1 and 2, and the 100i>in 
umbOica! connector is at the intersectioa of sections 9 and 10. 

McmflliJl.lsicsaiiL The clearances between moxing parts of tite D-17B memory arc in the order of 
a few miaons. To prevent moisture contamination, the memor>' has been equipped with a dcssicating 
IQter that is used when it is opeiated in the open atmo^ere (originally the computer system operated 
in an inert gas atmosphere). Thb Alter b a plastic circular cylinder approximately three-fourths inclt 
in diameter and three inches long that screws into the front memory cover. Tlie end of tlie fdter may 
be covered with a plastic cap which shouM be removed during operation of the memory. 

If the indicator paper strip inside the fdtcr is pink, ilw filter should be replaced or the desiccant 
may be dried in an oven and re-used, if the filter b removed to dry the desiccant, the filter port in 
tlie memory sitould be taped to lessen the chances of mcuture contamination. 

Remo\al of licnial Reference Platform. Tlic missQc guidance g>-ros were removed wltcn the system 
was declassified. Tlie remaining parts of the incrtial reference platform may be removed, thus allowing 
full access to the inside of the toroid formed by the D-17B computer and power supply sections. The 
gyro assembly b electrically connected to the computer through three plugs. J-19, J-20, J-21, that arc 
on the bottom of section 2 (section positions ate described in the above paragraph). The plugs should 
be disconnected. 

Viewing the inside of the ctntiputcr from the lop. one may observe three concentric rings of saews 
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Fig. 16 Location s>'stcni used in check out ptocedutes for the D-1 "B Computet. 
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on the computer base. The two outside ring$ attach a copper<C(rfoied heat exchai^r to the computer 
base. The inside ring coiisists of eighteen screws that atuch the inenial reference platform to the computer. 
These snews are slotted for an Ampex no. 212-8 screwdriver bit (if -.his tool, is not available a Phillips 
screwdriver may be modified to fit the head). Remove the screws holding the inertial refereiKe platform. 
Care dwuld be taken to preclude damage to the inside of the computer when these saews are removed. 
Now the inettial reference platform may be lifted free of the computer base. 

Once the menial reference, platform lias been removed from tht computer, tjie inside of the computer 
should be in^cted for loose wires or foreign objects that may cause a shOrt-circuit on the e^qmsed 
ctrcwt-board terminals. 

Preparation of External Plug Connectors. It is advantageous at this point in the preparation process 
to disconnect and secure the external plugs that will be used for input/output and checkout of the 
computer. These fivp are Jl, J2, J3, and J4. Pltf Jl is the 100-pii« umbihca! connector located be- 
tween sections 9 and 10. In the or^nal system, computer failure «-as occssioually caused by twisting 
the wire bundle thst b connected to phig Jl : tlierefore, this phig should be securl^d with a sturdy bracket 
to the computer mounting base and the computer sides. 

Pli^ J2 and J4 are circular, approximately one indi in diameter, and aie located at the intersec- 
tion of sections 7 and 8. Tliese {dugs are mounted to the frame of the computer base facing downward . 
To facilitate access to the plug pins, the plugs may be dctadied from the base and carefully lifted free 
of the mounting holes. 

Plug J3 is a 23 iiKh by 4 inch rectangular plug located on the underside of the computer frame. 
J3 may be easily located since the wire bundle connecting it to the computer wiring harness is formed 
directly below the main IO(H>>n unAiUcal connector, Jl. The wire bundle associated with J3 should be 
tied to the underside of the computer so that the computer frame does not zcsi on the wires. J3 should 
be securely mounted for easy access (one possibility is suggested in the following section). 

Ccnvcrslcn of % U tsile. Sec t ion to a Computer Stand. The truncated cone-shaped missile section 
wluch oripnatly housed the D>!7B may be com-crted to a computer stand. This method offers the 
advanu^ of a hollow stand whidt will allow access to the underside of the computer base. Also 
plug J3 may be securely mounted in the inch hole in the side of th-.: converted stand. 

If the computer housing is to be used as a stand, turn it upside dtmn (shjH end do>!in). The 
holes around tlic larger end of the proposed stand must be reamed in a manner such tlut the 7/16-inch bolts 
may be inscnei from the outside at a 10 degree downward angle from tlw horizontal. The computer may 
<hen be poutio;icJ m thi stand and lltc 7.' 1 6 in*.-h licx bolts that were stored during the uncrating process 
may be used to yrcurc tlie con>t*utcr to ti'^ ncx stand. 
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Initial Power on Checks 

Flower may be applied to the computer at this point in the conversion procedure to determine if 
the memory motor and power supplies are operable. 

External Fawer Sut>plv. Since an internal power supfdy is part of the luvigational system, it is 
necessaiy only to supply 28 VDC from an external source to perate tie D-i7B. This source diould be 
regulated and capable of supplying a 25 amp surge current and 19-20 amps continuously. 

Poft-er terminals for the computer are located on the computer inotmting frame at section 12. 
The terminab are numbered El, E2. E3, and E4 from left to riglit; thjs. El is the nearest terminal to 
the computer memcfy. 

Cbiuiect the power supply poative terminal to terminal E2 on t.ie computer mounting frame and 
CfMmect the neptive terminal to E3 (Ref 2:4). (Use connecting wire capable of carrying 25 amps). 

Initial Power Application. Po»-er applicati<Mi to the computer system without coding diould be 
limited to short periods of two minutes or less. In all cases, once power has been turned off, it diould 
remain ofl* for at least 40 seconds. This piocedure is recommended to insure that the memory disk has 
stopped tumiiig prior to req>|riication of power. If the didc is turning when power is applied, permanent 
damagfc may result (Ref 16:5-70). 

- The input current to the computer Q-stem should be monitored at least durirtg the initial power 
dicck. Tills initial power check provides the opportunity to check the 28 v, 400 hz, 3-phase power 
3uiq>ly ndiich drives the mcmofy motor. A convenient test point for the 400 hz supply is the fan leads 
on the upper part of the D-17B. These leads are cisSy located, since they are attached to the iiuter 
side of tlie computer at the intersection of sections 1 1 and 12. Figure 17 draws the wave form of one 
phase of this three-phase sapfiy on an osdlloscopc. 

The other secondary direct cunent power supplies may be diedced at this time. The test point 
locations, voltages, and t<^ranccs are listed in Table II. To avoid damaging the system it is recommended 
that a meter with a high input impedance, such as an oscilloscope, be used to diedc these supplies. 

When power is applied, the input current should rise quickly to 22-25 amps, then drop to 17-19 
amps within fixe seconds. Tlie hum of the 400 hz p;7wer supply shouM be audible and the sound of 
the memory snotor starting may be heard. If the input current does not dr<^ below 20 amps within 
ihre to ten seconds, the memory motor may not be turning. In this case, the windings of the memory 
motor win be drawing starting value current. If the memory is not tumii^ and the 28 v. 400 hz po«-er 
supply b operating, pottvr should be rcmo\-ed from the system immedbtciy. It b not recommetidcd 
that any internjl repairs be attempted to a memory v.i'htnit consult i ng ctualificd technicians. 
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Kenory Power Supply 
Oscillcscops Settings 

Input Selector - DC 
Ticie Ilase - 1 Edilisoc/cni 
Acplitude - ICv/cs 
volts - iottoui Grid 



Fig, 17. D-173 l:er.ory Power Supply yaveforr.. 
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Some memory repiir and modification procedures are being prepared by the Minuteman Computer 
Users* Group. These procedures have not been tested on the computer at AFTT. 

Preparation of Coolin g S vstem 

Tlte naviptional r.'^tem in the Minuteman missile was cooled using a closed circulating air ^stem 
to cool most of the logic networks, power supplies and memory. A liquid coolant was circulated 
thioug}! tlie power suppl} and memoi>' heat sinks and through the circular heat-exchanger on top of 
the supporting base. Thtiefore, the liquid coolant ser>'ed two purposes: it removed heat energy from 
the endosed navigational system and it partially cooled the memor>' and power supplies. 

An exclusivel>' air-cooled system is economically advantageous for utilizing the D-17B in the lab- 
ontoty. The cooling sys-em described in this report requires some minor modificatiotts of the computer 
supporting base; however, it is coiistructcd utilizing inexpensive fans and will allow continuous computer 
operation with ambient m temperatures of up to 85^F. (see Fig. IS). A 2 I/2-inch hole saw is the 
onfy special equipment used to modify the computer base. 

Cooling Svstem General Description. The cooling scheme of this sj-stem is to force ambient air 
through the computer from the t<^ and from the lower side panel covering the memor>' (sections I 
and 2). Air forced into these two points will exhaust at the bottom of the computer and power supply. 
The computer base restricu the exhausting air flow, thus, holes must be cut in the base under the sections 
which require more cooling air. 

Modification of Comtmtcr Base. Sections 2, 1, 12, and 1 1 contain tlie memory and power supplies 
and require more coolir^ than the other sections. Exhaust port< should be cut under tiicse sections 
using the procedures described below. 

There are seven main supporting beams on the computer base between the left side of section 2 
and the right side of section 11. For descriptive purposes in this topic only, these seven supporting 
beams will be designated with the letters A through G. Thus, beam A is at the intersection of sections 
2 attd 3 and beam G is at the intersection of sections 10 and II , as shown in Fig. 19. 

Using a 2 I/2-inch hole saw, cut holes in the side of the computer mounting frame between beams 
A and B. B and C. C and D (see Fig. 19). These three holes are in the side of the mounting frame 
directly in front of the memory. Continuously vacuum the filings from this cutting process to prevent 
them from shorting the electrical components. 

From the underside, cut two holes 2 l/2-inchcs in diameter between each beam A through G. 
Thus, there will be iweU-e holes in the bottom of the mounting base: two holes radially aligned between 
each of the seven bejnu. Under sections 1 1 and 12 tSu-rc is a nugncsium supporUiii* btacc which nuy 
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Fig. 18 D-J7B Computer temperature tr$. Ambient Air Temperature. 
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hinder the hole cutting prccess. This brace may be puilcd free of the computer base using vice-gdp 
pliers. 

Memory •blowers . Tlif ^dc panel covering sections 1 and 2 is drided into two partf . The top 
half covers the memory read and write amplifiers and the bottom hnlf covers the memory. The densely 
packed components in the read and write amplifier sccti-^ prevent sufficient cooling air from reaching 
the memory from the top o' the computer. To alleviate the problem the bottom half of the side panel 
diould be replaced whh a meial cover and a blower should be iustailci hi eacii side of the memory. 
These fans should have an cutpm of at least 35 cubic feet per minute it zero inches of water static 
pressure. Since tite memory is the sin^ criticsl part of the D-17B, it «» decided to use two fans for 
added protection and to prevent dead air flow^ spots on the memory oioling fins. 

Main Bloa-cr Fan . A manifold was used to direct cooling air intt each section of the D-17B when 
maintenance waspetformed on the original system. The use of a manifold was abandoned in this project 
because manifolds are expenshre to construct and rcauirc fans capable of high output pressure. A system 
whiih allowed tlie use of a standard fan which is normally used to cool electronic equipment radcs was 
chosen. 

To implemeat this system it is necessary to cover the top of the computer without covering the 
inlets to sections that house the electrical components. The white dome (coolie hat) which initially 
covered ihc computer top may be used for this purpose. Cover llic 3 3/4-inch hok on this dome and 
place it upsidc-di^-n (concave ade up) on the computer top. Usng this ananscmcnt. the dome ats in 
the cavity formed by th<. computer and | iwcr supply ar.d prevents ai' from flowing mlo tlus cavity. 

The next step is to construct a collar to fit around tlic outside of :he twelve-sided polygon 
formed by the computer and power supply sections. 7!iis collar should be at ieasi 6 indws h^ and may 
be secured to the computer system using the screws tiiat attach the top of the panels which cover each 
of the computer sections as shown in Fig. 20. 

The final step is to construct a top cover for *Jie computer system that will support the top 
Uowcr fan. A number of different fans may be used. The fan siiown in Fig. 20 is a fan that wa5 
originally used to cool an "Electronic equipment rack. Puhlicttions from tlie Minuteman Computer 
Useis' Group have suggested the use of two 6-inch fans in tliis top (Ref 12:20)'. A system of the type, 
as shown in Fig. 21. was fcunJ to be preferable becau.** of the lower noise Icvvl. Vx fans that are 
used should be capable cf an output of at uast 350 cubic feet per minute at iiidics backpressure. 

The temperature data and specifications provided in this report came from two separate computer 
^ems and fJic cooling cluiactciisiiv's were neatly identical. IKnwver. since there is a possibility that 
other cot>!ing s>-steiiis may be constructed differently than tlic one desaibod or the ciwling charactcrKtics 
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of difrerent computeis ina>' vary, it is recommended that the memory and power supply temperatures 
be monitored. A temperature sensing device which may be used for this purpose b diown in Aiq)endJx II. 
lUs drmit Uso includes a scheme for monitciing the external 28 VDC power supply. 

The memory test pcint is the side coding iins and the pon-er supply test point b the heat sink 
aaoctated with pcwci tra'.sistor QI on power supply board A-I9. Thb heat sink b located in the 
center of section 12. 
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Contputer Oieckout 

Once power has br-n applied to the D-17B and a co(4ing s>-stc-ni has bnn developed, chedu 
nay be made to determine the sutus of the logic networks. TIic checks that are described in thb 
lection are divided into two parts: first, tests that require no control panel are discussed: then, a 
laore extended dieck which requires control and data entry capability b conadercd. Constniction of 
a control panel and input output devices b covered in AFIT theses GE/EE/72-3 and GE/EE/72: that 
efToft win nto be duplicated in thb report. 

Waveshapes shown in thb section were photographed from an opcr:d)le computer usii^ an 
oscilloscope with a shiddcd input cable. An isolation transformer should be used in the osciDoscope 
power caUe to prevent accidentally shorting thf U-17B circuits tluough the ground lead of the scope. 

Test point locations are included in Appendix B and are listed alphabetically by functional 
tle^nattoa. Fw example^ the system clock b listed under the function "clock'* and one suitable 
test point b plug J3, pin 47. 
Tests Uring No Control Panel. 

When power b applied to the computer the controlling tlip-flops win be activated in a random 
state (a more complete discussion of sutes b pxen in *^tate Description") and the logic networks are 
not synchronized with the rotating disk memory. Even though the machine b operating in tins unde- 
fined state, some indication of its operational status nuy be determined. 

System Oock Wavsforms. The s>-$tem clock may be dbscntd as shown in Rg. 22. Tiic exbtence 
of the dock signal indicates that the nKmory b turning and dot infomution can be read from it. If 
the dock frequency » 34Sj6 kllz the memory b tummg at tlic required 6000 revolutions p ' min. 

The dock pulse should haw the foDo»ing ^dfication: True Icvtl b -10.7 ^ h" false level 
measured on the- flat portion of tlie waveform b -I.S - 0.4v. At a -.) volt level the pulse width diould 
be 032 - 0.07 micrj-seconds and the overshoot abo\v the O volt level sliould be less tlian O.i micro- 
seconds wide and less tiian I.Qv (Rcf 16:5-1 1. 5-12). 

Tests tt«n.; a Co.»tr<'l I' jnci M.»fc ci-ncJuMo?!* shtjut the compmct's opcralioiial »t3»us may 
be nude .nfici a control panel has been constructed. A matter tact signal. M^. causes the computer tt> 
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Clock 

OscllloscoDe Settings: 
Input Selector - DC' 
Tiie Ease - 1 microsac/ca 
Amplitude - 5v/cn 
volts — Ceater Grid 



Pig» 22. D-173 oystes Clock Ivavefora. 
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enter a deiiocd state and synchronization of the computer timing c'rcuits and the routing memory 
occurs. (A more detailed explanation o! Lhis action is covered in the Sute Description of the machine ). 

Bit Counter WavcfoTns. Proper n^xmse from the Bit Counte-s flip^lops, Bj through Bg. 
indicates that synchroniz: lion between the rotating disk memory 31 d the bit counter circuits has 
occuned. These responses arc siIO^\-n in Fir.. S. and output waveforms for B| and B^ are show in 
Fig. 23 and Fig. 24. Tax" !ovcl of •:.. upiji* hSio -10 volts : t.l tabe" is vohs. Since Bg is 
"false" or volu during the first half of the 78.12 microsecond woid time, it may bs used as an 
external synchronizing pu sc for the oscilloscope to establish a time iefcrence for observmg the other 
waveforms. 

Timmg Flip-flop Wavefonns. The sutcs of tiie bit counter flip-flops determine ilie states of the 
timmg flip-flops, T^, T^, and Tp. The output waveforms of thc« fl p-Oops arc similar: therefore, only 
Tp ic shown in F^ 25. Note that the "tnjc" level, -lOv, occurs every 78.12 microsectMids (one word 
time). 

Loop Wawforms. Ihe contents of the loops may be observed by monitoting one flip^op in 
the kK^. For example, the L register is shown in Fig. 26. This figure was obtained by monitoring the 
Ljj flip-flop and shows a -true" pulse for bit position L^, L|.and L^. Using this procedure, the contents 
o( any register may be <fispla}'ed and further testing ff the nuchinq is limited only b\' the caj. ..ility 
of the control console to enter conmunds in tiie computer. 



c 



Summary 

Care should be exercised vtljcn uncrath^ and ti-sth^ the D-17B computer. Since a power supply 
is part of the NSQ-10 naviptiunal s>stem. only a 28 VDC external po»cr source :$ needed to operate 
the computer. Some prcliminar>' tests caay be made v^ithout a cooling system to insure that tlie 
computer is operable. An inexpensive forced-air cooling sj-stem nwy be constructed from common 
hboratory cooting fans. After a coolii^ system is cons4ructed, more detailed testing m3>' be conducted 
by observing tlic sipial waveshape of tlic dod:, accumubtor, and timmg pulses. 
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Bj^ ELip-KLop 

Oscilloscope Settings: 
Input Selecfcor - DC 
Tide Base - 10 =d.crosec 
Anplitcds - 5v/ca 
volts - Center Grid 
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Fig. 23. D-173 Bit Counter, 3j^^ Waveform, 
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Ticdng Pulse T^ 

Oscilloscope Settings: 
Input Selector - ZXJ 
Time Base - 10 niicrosec/ca 
Aaplitude -.5v/cn 
volts - center grid 
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Pig* 25. 



D-173 lining Pulse, T , Uavefor=, 
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L Loop • Lj^ 

Oscilloscope Settings: 

Input Selector - DC 

Tine ^se - 20 aicrosec/ca 

AEplitude - 5v/cn 

volts ~ one ca from Top Grid 
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Applications for any minicomputer are widely varied and deteniWied in detail by the specific 
user. The D-17B computer applications are presently limited by the <ize of the memory, speed of 
execution and la A of software prt^grams. These undesirable features ue offset by the fact that the 
computer is inexpcnsi-.e . hs^ butli-in ui.-itsl-to-analog converters, and two sets of disaete input lines. 
Thus, the D-ITB is bi^ suiisrc for fi\ed Uiks (and not general purpos( computing) where its capabtlit<es 
can be used to fu!i jdvir.t^is (Ref 6.35). 

Id this section so.tis. f.nunal applications *iU be presented. Thes: techniques will provide a 
starting point for n*.ore spcnfic applications by future users of the coriputer. 

General Purpose Innut Bus System 

The discrete inputs may be used to input dau from a peri{rfieral bus system. A conceptual 
Hock dbgram of such 2 $}'stem is shou'n in Fig. 27. This ^'stem uses the disaete Y inputs to ii^»ut 
data bits directly into the Accumulator under program control. Obviously, the system could easily be 
extended to as many as 24 input data bits. An X 4iscrete input is used as a flag line to indicate peripheral 
ready status and discreted output lines are used to control the peripherals. 
Educational Uses of the D-I7B 

.A conuol panel such as the system described in Rcf 8 converts the D-17B into an excellent 
*iiands on** educational computer. This system allows the student to observe the states of computer 
tepsten and information transfers between the registers. Tlie contents of memory ma>' be displav'ed 
with this sj-stem and machine language programming may be taught without the **tum-around time" 
obstacles tliat are invcrived «ith larger data processing s>'stems. 

The input bus system described abo\-e may be used as an educational tool by allov^ing the students 
to breadboard periphenls and input data to exercise software programs. 
Laborato.'x- Vies of thj D-17B 

In Ihe bboraiorv-. an analog-to^igita] conwrtcr is a useful input device. One suggested approach 
for this addition is to use the A/D couvcitcrs as one of the pciiphcrab of the data bus system dcsctSsed 
above (Rcf 13). This suggestion has merit since the A/D ctrnwrter could be disconnected easily (mta the 
computer for temporary use uith otiier laboratory projects. 

Once the ability to input aivilog Lita has been achievvJ. many applicatiotts as a laboratory contr(4 
syTtem become apparent. Even without ^nalog inpjt cnpahility the svstcni nuy be used as an open-loop 
contn>l s>-stcm. Anali.^ inputs present one convenient w^y to use the D-I7B in a closed-loop control 
s^'Stem. As a c!ov:d4oop diptal contri^ system, tin.* D-I7B can be employed in ptocessj;:* siwh as numerical 
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Fig. 27 1)-17B Input Bus l«.vk Du^rain (Adapted froin Rcf 13 : lll-J). 
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conticl, process monitcring, and electronic component testing (Ref 3:40). Certainly these applications 
are limited by the speed of the D-17B input operation (approximately 78 micro seconds). However, 
one must consider that the system proposed in Ref 8 allows for the simultaneous input of two 12- 
bit A/D converters of three 8-bit conveners. 
Data Collection Canabilities of the D-17B 

Several D-17B computers may be used with periplierals such as an A/D comxrtcr to perform 
dedicated tasks such as data collection. Used in this way the limitations of the D-17B may be cir- 
cumvimted for the following reasons: 

!) 3-$>'si;m-of sivcvA v-o.nptitcrs'hax uii aiivatrtasefor data coliectiui in remote locations since a 
failure of one system would no result in a total loss (Ref 7:36). 

2) Since the D-17B would be performing a dedicated task such as collecting a single type of data, 
its effective computing q>eed would be comparable to a more general purpose machine. That is, 
much of the speed of faster general purpose machines is lost in "housekeeping" tasks and the D-I7B 
iDStniction repertory is suited for this type of operation (Ref 7:36). As an example, the D-17B can 
collect new data and store the previous data input with a single flag store operation. Also the dtaract:r 
output instruction is ideal for unpacking data since four bits of the accumulator can be output with 
one histruclioa (Ref 7:36). 

3) Using several computers helps owrcome the small memory limitations of the D-17B. 

4) Such a system w^ould be inexpensive because A/D converters that are compatible with the D-17B 
computing ^ed are available for less than fifty dollars (Ref 13). 

Summary 

The D-176 is capable of a wide variety of applications. The user must apply the compuier as a 
dedicated machine to make up for its relatively slow speed, smalt memory, and present lack of hardware. 
These limitations are oftVet because the system is inexpensive, dependable, and lias an instruction set 
whid) is designed for special applications. (Ref 7:33). 

The number of applications can be greatly cnlianccd by, adding a general purpose input bus to 
the contputer. Tiiis bus system used in conjunction with inexpensive A/D conwrtcrs tailor: tiic D-17P 
for uses in educational, bborator>'. and data collection applications. 
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Conclusions and Recommendaticn.? 

The D-17B computer is a sturdy, reliable minicomputer; howt ver, it can be danugcd as the result 
of an improper installation. Since the computer and a power supply are attached to a rigid base, it is 
recommended that the s)'stcm be reconfigured as little as possible. If the associated navigatio'ial $>'stcm 
power supply is utilized, only a 28vDC power supply is needed for D-17B operation. An i'.expensive 
forced-air cooling system can be constructed tlut is suitable for ope.ation at ambient ten'peratures up 
to SS^^F. Dunng the course of this study it was found that this coding $>'stem plan requires only 
minor modiOcalions to the computer base and is the best approach I'or cooling tlie computer at normal 
room temperatures. 

Documentation concerning the software and applications represents a task for future endeavors. 
This report provides a state description cf the machine tlut should be useful for maintenance as well 
as a $>-stematic approach for studying the machine. Other documentation is being provided by the 
Mtnuteman Computer Users' Group (Ref:5.6,7,12). 

A complete buffered interface s>-$tem would greatly aid efforts toward future applications of the 
computer. If the system clock, bit counter flips and all discrete lines were buffered and made available 
on a patch panel, experiments with otiier hardware devices could more easily be carried out. 

Some of these experiments miglit entail connecting the D-I7B to a TR-48 analog computer for 
a **mini-hybrid-computer'* operation. Initial experiments along this Une sould suggest using the D-I7B 
analog outputs to generate a programmed £inction wavAorm. 

Any number of proposals migiit be suggested: however, they would simply be a reiteration of 
muiicomputer application that are av-ailablc on commercial nuchin<>s. From the experience of this 
project it would seem tliat a complete buffered interface would be the key to all these applications 
within tlie bounds of the speed restriction and memory capacity of the D-i7B. 
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Appendix A 
list of Tcinw and Abbfcviationt 






Cany, bonow and misc. flip^op. 
"A" register extra delay flip-flop. 
"A" register read flip-flop. 



A24 : **A** register delay flip-flop. 

^23« ' "A" '*P*'" *"'' flip-flop. 

B^. B5, B4, B3, B2, B] : .BU time -countM -flip flops. 

^bS> ^b4* ^b3* ^b2* ^bl * Op^i*"*! channel buflier register and word time counter flip-flops. 

Cp5,Cp4,Cp3,Cp2,Cpj : Program channel register. 

C5, C4, €3,02. C| : Operand dunnd storage register and auxiliary operation-code staage regista. 

D-17B : De«gnatlon of the computer used for guidance in the Minuteman ! missik. 

Dg : Shift contti^ for *Discrete Output" regiuer. 

D^ : Discrete disable stgnal from a control panel to copttoi the discrete outputs. 

D^ : Gyro malfunction indicator flip-flop. 

05.04.03.02,0, : •"Discrete Oytput'' register. 

: Contrcd flip-flop. 

£ : Conttd flip-flop. 

Eym : "E" loop intermediate read flqvflop. • 

E^ : **E** loop end read flip-flop. 

E„ : "E" loop write flip-flop. 

: Enable write sigiul • fron a control panel • enables "cold siot^" write beads in memoiy. 
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F^ : Fine-countdown-modc indicator flip-flop. 

F : "F" loop write flip-fl<^. 

F, : Also fy^^ in some writings • s^nal from a control panel that directs the computer to enter the 
prepare to flll slate. 

Fjj : **F" loop read flip-flop. 

G3. G2 , G I : Binary Outputs flip^Iops. 

11^ : "ir loop write flip-flop. 

Kjf^ : "H" loop intermediate read flip-fl<^. 

1^ : "iT loop end road flip-flop. 

Ig : "I" rcgniCT interrupt control flip-flop. 
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I j : "Instruction Search** sector disagreement indicator dip^Iop. 

Ij : A]so Ij^. the i'^ signal input to the computer from an extenul source for character input. 
I I. ...5. 

^gg : Symbol for a ni;;chanicai input signal to the computer. com>nand to enter the Wait State. 

Ip : **l** register extra delay flip41op. 

Ijj : "I" register read flip-tlop. 

h.4v ' '^** "P*'*' **"** tlip-flop. 

J : - Contrtrf Hip-flop. 

K : Ctonuof flip^Iop. 

K^ : Hah not or rue nfnal from a cont.'ot console > dttectt the co.nputer to enter the compute states. 

KJq. : Run not or halt signal f:ci» a control console - directs the computer to entrt the Non^Tompute 
sutes. 
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**L** register interrupt control flip-flops. 
•"L** register delay fIip.f]op. 
"l.** register extra d^iay flip-flop. 
"L" repster read flip-flop. 
: "L** register «-rite fIip4Iop. 
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M~j : itonory outpt^t buffer flip-flop. 

Kj^ : Also M, • master reset signal from a control console, initiates the computer to the Prepare to 
Opente state. 

Ng : "N" register interrupt control fUp^p. 

Nj : *7Cumbcr Search** sector dis^eemcnt flip-flop. 

Np : **N" KgBter extra delqr fh'p-flop. 

Njj : **N** register read flip-flop. 

N24^ : "S" register »iite flip-flop. 

0^3.0|,2«(^l : Operation-Ccde-Suffcr register. 

O^.Oj, O^, 0| : Opcraiion-code-stonse register. 

P3. P2, P| : Phase reeisie;. 

Q : Special timing flip-flop 

R^ : **R** loop interrupt control and mode control flip-flop. 

Rp : "R" loop write flip-flop. 

Ry : **R** loop read flip-flop. 

S : InfonnaUon read from the sector track of llie D-I7B computer mcmor}*. 

S|,3. S|,2. S51 : -Flag<*ode'' buffer register. 
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S3, S2. S| : ITag^Code** storage register. 

Tg : Sprocket timing ^nal: uwd to direct the compuKr to accept character inputs. 

T| : Bit tintes of the computer, i I, .... 24. 

Tq : To Hme** indicator fiip-ilop. 

Tp : **Tp Time'* indicator flip-flop. 

Tjj : Tjj Time** indicator flip-flon. 

Up : "IT loop »-rilc flip^op. 

Ujj : "IT loop read ilip-Oop. 

Vg : **\'*' loop icicrrupt control and state control tUp-Oop. 

V : **\r loop write flip41op. 

V^ : *V*loop read flq>41op. 

Vjg.Vjy, ..., Vji : Volt^ output register nu!id>er 3. 

V2g. V27, ..., V21 : Voltage output register number 2. 



V|g,V|7,. 



, V|} : Voluge output register number 1. 



0^1: Symbolizes that the fUp^lop named A| is set to a logical *^6eto** con^tioa or -zero set". 

|A| : Symbcuzes that the flip-flop named A| is set to a logical ^ooe" condition or "one set**. 

A|* : The star or xiterisk indicates an external signal to the computer that has been dianged in voltage 
level but hss the same logical meaning as the symbct with no asterisk. 

A* : Prime is used to iiidicate a logical "not** when A is a keical 1, A* is a logical 0. 
Flip 4hp names and some definitions in Uus Sst were taken from Rcf 1:1 10*1 H. 
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Fig. 2S TcmpCMiuic Scn<iing Ci{iiipnH*nl 
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Appendix B 
CW»lniction and Calibration of Tcmpcfature Senang Equipiaeat 

The temperature sensicg deince shown ttere is a modification of a ciicuit' from Pbpular Etecti onics 
inaj^zine, October I%9. In addition, two alarm drcuits have been aided; one is used to monitor the 
28v power supply output and the otitcr alarm is used to monitor the computer temperature. A wiring 
diagnm is provided in Fig. 28 and a paru list is providtd on page 9:-. 

CalAration 

Temperature. The temperature sensing unit way be calfllratcd'ty usng the foUowing procedures: 

(1) August the Balance potentiometer, R8, until the temperature leadii^ are the 
same when the Selector switdi, SI, is in either the lAemory** or To«-er Supply** 
position. 

(2) A^ftst the "Low Temp" potentiometer Rl until the present room temperature 
is indicated on the meter. Ml. 

(3) Place the Sensitor,R7,ni a high temperature reference oven. (For caUbration 
accurate to within one degree F, hold the sensitot in your hand and use body 
temperature as the reference. 

(4) W^th switch SI in the '^Memory** pcsttioo, adjust the *Vi0\ Temp" potentiometer. 
R5, lutil the liigh reference temperature is indicated on Mi. 

(5) Repeat steps (3) and (4) several times until the correct temperatures are indicated 
on the meter. Ml, without adjustment. 

Temperature Alarm. The temperature alarm li^t may be adjusted to come on at any point 
using the following procedures: 

(1) S«itdt the selcclor switch, SI. to the *To«-er Supply** position. The temperature 
dKNdd itidicate the present room tcmpentiue. Note this readh^ snd then adjust 

* the low setting potentiometer. RI , until the desired temperature limit is indicated 

on the meter. Ml. 

(2) If the temperature alann Ii$ht is on, adjust the "Temperature Limit** potentio- 
meter R12 until the temperature alarm light just goes oui. 

(3) If the temperature abnn fight b off. adjust R12 until it just comes on. 

(4) Ad^ Rl until the present room temperature that was noted in step (I) is 
indiaied on the temperature meter. Ml. 
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Cbmputer P<m-er Alann. The power supply Jiann can be adjiKted to detect an cvenrolta^ of 
28.1 volts and an undeivoltage of 27.9 volts. CaUbntkm of the po^ver supply alarm citcuit is acconi|didied 
as follows: 

(1) Adjust the undervoltage potentiometer, R22,(lx>w Set) for maximum voltage 
cm the ceiitci up. (dockwise). 

(2) Adjust the ovenroluge potentiometer. R18, (HltJt Set) for miiannmi vcAage on 
. the center top (counter dockwise). At this timi , the Power Supply alarm li^t, 

B2. siMNdd be off. 

(3) Ad|ust R22unt3 the FowerS<q>ply Alarm light just comes oo, then bai^oflC the 
potentiometer until the li^t just goes out. 

(4) Rqpeat step (3) for R18. 
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Farts List for Temperature Sensing Networic 



Al, A2. A3 


SN72S58. operational amplifier 


B1.B2 


6v, 40 milliamp bulb 


C! 


400u fatad. ISv elecuolytic capacitor 


C2,C3 


lOu farad. I5v capacitor 


Dl 


1N4735, 6Jv. l.»:att zener diode 


D2 


1N4001 diode 


G1.G2.G3 


S7400 quad-dual input nand ptex 


Ml 


0-1 miDiamp meter. 50 ohm max resistan 
by removing R-17 and hooking the input 


R] 


IjOOO ohm potentiometer 


R2 


ISO 6tm, 1/2 watt resistor 


R3 


100 ohm, 1/2 watt resistor 


R4.R6 


470 ohm, 1/2 watt resistor 


RS 


500 dan potentiometer 


R7,R9 


100 ohm, 10% Sensistor 


R8. 


50 ohm potenti<Hneter 


RIO 


100 ohm. 1/2 wsn resistor 


R11.R14,R15. 
R16.R19,R20 • 


10 k ohm, 1/4 »:att resistor 


R12 


200 ohm potentiometer 


RI3 


IS k ohm, 1/2 watt r *» 


RI7 


47 ohm, 1/2 watt resistor 


R17, R22 


10 k ohm potentiometer 


R21 


4700 ohm, 1/2 watt resistor 


R23.R24.R2S - 


10 m^ ohm, 1/4 watt resistor 


R26.R27,R28 - 


3900 dim, 1/4 wxtt resistor 


SI 


Sin^ pull sin^ throw switch 


Tl 


RIament transformer, 6 J volt secondary 
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